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NOVEMBER 24, 1950 


Vol. 25, No. 5 


BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


CHICAGO MEETING, NOVEMBER 24-25, 1950 


HE American Physical Society will enter upon 

its fourth hundred of meetings in its tradi- 
tional Thanksgiving meeting place, the University 
of Chicago, on Friday and Saturday, November 24 
and 25, 1950. (One session will be held in the 
Museum of Science and Industry, Jackson Park, 
east of the Illinois Central Railroad on the pro- 
longation of 57th Street.) The University has set 
aside for us a greater number of halls than even 
heretofore. This is good fortune, for with one hun- 
dred and ninety contributed papers the Chicago 
meeting of 1950 has gained on that of 1949 by 
thirty percent, and our members must expect 
meetings prolonged through Sunday hereafter. Our 
Divisions of Electron Physics, Solid-State Physics 
and High-Polymer Physics will have symposia, and 
there will be invited papers on a variety of topics 
on the general programme. 


Hotel. A number of rooms have been bespoken 
for our members in the Sherman Hotel, downtown 
at the corner of Randolph Street and Clark Street, 
four blocks westward from the Illinois Central 
station. Reserve rooms by writing to Miss Ruth 
Brown at the hotel; say that you belong to the 
American Physical Society. Allow forty minutes for 
the journey from the hotel to the University; leave 
the train at 57th Street and walk half-a-mile west- 
ward. 


The registration desk will be located, as of recent 
years, in Room 209 of Eckhart Hall. All members 
and guests are asked to register and to consult the 
bulletin board frequently for notices of messages. 


Invited papers by Enrico Fermi, Alexander 
Langsdorff, Jr., E. M. Lyman, N. F. Mott, John 
R. Platt, H. T. Richards, and Frederick Seitz 


appear on the general programme. 


Our Division of Electron Physics has arranged a 
Symposium of four papers (the speakers are D. W. 
Kerst, A. S. Eisenstein, R. L. Sproull, and G. C. 
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Danielson) which is scheduled for Saturday morn- 


ing. 


Our Division of High-Polymer Physics has or- 
ganized for the Saturday morning a Symposium on 
the topic ‘Solidification and crystallization in poly- 
mers.’ The speakers are to be J. D. Ferry, J. R. 
Van Wazer, I. Fankuchen (joint paper with H. 
Mark), and Turner Alfrey, Jr. The topic is com- 
plementary to that of the Symposium which our 
Division of Solid-State Physics will hold on Friday 
afternoon, viz., ‘‘Formation of the solid state by 
crystallization”’: the participants in this Symposium 
will be J. H. Hollomon, Leroy Schulz and R. W. G. 
Wyckoff. 


One hundred and ninety contributed papers are 
distributed among eighteen sessions. Those listed 
in Sessions G and W were obtained largely through 
the action of our Division of High-Polymer Physics. 


The banquet of the Society will be held on Friday 
evening in Ida Noyes Hall, on 59th Street east of 
Woodlawn Avenue: the price will be $2.25. Advance 
reservations are requested; use the form on the 
inside back cover page of this Bulletin. Tickets will 
be held at the registration desk until 3 P.M., after 
which those which remain will be distributed to the 
first comers. If you want your tickets to be mailed 
to you, send a check (made out to the American 
Physical Society) and do not fail to give your 
address. After-dinner talks will be given by N. F. 
Mott and by K. K. Darrow. 


The Council of the American Physical Society 
will meet at 10 A.M. on Sunday, November 26, 
in Room 211, Nuclear Institutes Building, 5650 
Ellis Avenue. 


Post-deadline papers will be considered for accep- 
tance into a special supplementary programme if 
the abstracts thereof reach the office of the Society 
not later than Friday 17 November. This privilege 
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is extended by the Council only to a small number 
of papers concerning very recent achievements of 
very special importance. The abstracts will not be 
published; such papers as are accepted will be 
assigned to the end of Session W, and will be an- 
nounced on a blackboard near the registration desk. 

Prospective meetings of the Society are scheduled 
to be held at the University of California, Los 
Angeles, on December 28-30; at Columbia Uni- 
versity, New York City, on February 1-3, 1951; 
at Pittsburgh on March 8-10, and at Washington 
on April 26-28. 


GENERAL RULES RELATING TO PAPERS 


The time allowed for the presentation of a con- 
tributed paper is ten minutes at most. With re- 
spect to those which appear in the ‘‘supplementary 
programme” the Chairman of the session indicated 
in a footnote to each paper is empowered to reduce 
its allotment of time to less than five minutes or to 
read it by title. (These are the papers of which the 
authors have other papers on the regular pro- 
gramme.) 


The abstracts of the papers contributed to the 
Chicago meeting, which follow hereinafter, will be 
reprinted in The Physical Review exactly as they 
stand here. The procedure for submission of errata 
is described in the Washington Bulletin and in the 
Oak Ridge Bulletin; the errata must be received by 
Miss Ruth Bryans, 57 East 55th Street, New York 
22, New York, not later than December eighth. The 
type cannot be altered to even the slightest extent 
without forfeiting the economies for the sake of 
which the new policy has been adopted. Under no 
circumstances send your original abstract to Miss 
Bryans with alterations marked upon it; write out 
the errata (examples, far too numerous, can be 
found in The Physical Review). 

Speakers must retrieve their lanter-slides before 
leaving the hall in which their papers were given. 
The Local Committee is under no obligation to 
keep or to return them. 


KARL K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 


Formation of a Division of Chemical Physics in the American Physical Society 


A Division of Chemical Physics is being organized 
in the American Physical Society. As stated in the 
draft of a set of By-Laws drawn up by the organiz- 
ing committee for submission to the Council at 
its next meeting: ‘‘The principal objective of the 
new Division shall be the advancement of under- 
standing in subjects of chemical interest, the de- 
velopment of which depends strongly on modern 
physical theories or techniques.’’ The draft By- 
Laws further state: ‘“The Members of the Division 
shall consist of those Members and Fellows of the 
Physical Society who have made written application 
for enrollment in the Division and have paid an 
initiation fee of two dollars. Application for mem- 
bership together with initiation fee shall be sent to 
the Treasurer of the Division.” 

Pending the appointment of a Treasurer, applica- 
tions for enrollment accompanied by initiation fee 
may be sent to R. S. Mulliken, Physics Depart- 
ment, University of Chicago, Chicago 37, Illinois. 
Interested persons who are not now members of 
the American Physical Society should first seek 
the sponsorship of two members of the Society for 
nomination to membership. (Nomination blanks 
can be secured from K. K. Darrow, Secretary of 
the American Physical Society, Columbia Univer- 
sity, New York 27, New York.) Members of the 
Society are entitled to obtain the Journal of Chem- 
tcal Physics at reduced subscription rates. For the 
present, no annual dues are contemplated for mem- 


bership in the Division of Chemical Physics, but 
only an initiation fee. 

The inaugural meeting of the Division will be 
held as a part of the Pittsburgh meeting of the 
American Physical Society on March 8th to 10th, 
1951. It will comprise a symposium on molecular 
structure and valence theory, and symposia on 
other topics involving statistical mechanics. These 
symposia will illustrate the application of the two 
major theoretical bases of chemical physics, namely 
quantum mechanics and statistical mechanics. In 
June, 1951, at Columbus, Ohio, the Division will 
be joint sponsor of the symposium on Molecular 
Structure and Spectroscopy at Ohio State Uni- 
versity. 

Since the Division is in a formative stage, its 
precise scope is still under discussion. Proposals 
have been made that it should include ‘‘appropriate 
aspects of such subjects as the following: chemical 
binding and valence phenomena, intermolecular 
forces, chemical kinetics, chemical thermodynamics 
and statistical mechanics, optical, dielectric, and 
magnetic properties of molecules and crystals, 
molecular spectra of all kinds, mass spectroscopy 
of molecules, radiation chemistry, isotopic and 
other exchange phenomena, and radiochemistry.”’ 
Interested persons are invited to state their views 
on the proper scope and functions of the Division 
when they apply for enrollment. 
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EPITOME OF THE MEETING 


(Personal names are those of invited speakers. ) 


FRIDAY MORNING 


Fermi, Mott. Mandel Hall. 
Papers not classed elsewhere. Eckhart 133. 
Optical physics and microwave spectroscopy. Breasted Hall. 


. Beta-emitters, neutron through technetium. Kent. 


FRIDAY AFTERNOON 


Beta-emitters, ruthenium through gold. Cobb 110. 

Platt; molecular spectra. Judd 126. 

High-polymer physics; Business Meeting of the Division. Museum of Science and Industry. 
Symposium of the Division of Solid-State Physics: Hollomon, Schultz, Wyckoff. Mandel Hall. 
Nuclear analyzers and accelerators; magnetic resonance. Kent. 

Theoretical physics, mainly nuclear; Richards. Breasted Hall. 


. Bremsstrahlung; scattering; stopping-power; Lyman. Eckhart 133. 


FRIDAY EVENING 


Banquet of the American Physical Society; Darrow, Mott. Ida Noyes Hall. 


SATURDAY MORNING 
Metals. Eckhart 133. 


. Symposium of the Division of High-Polymer Physics: Ferry, Van Wazer, Fankuchen (with Mark), 


Alfrey. Kent. 

Symposium of the Divison of Electron Physics: Kerst, Eisenstein, Sproull, Danielson. Mandel 
Hall. 

Artificial and natural mesons; cosmic rays; Ney. Rosenwald 2. 

Reactions of transmutation, tritium through aluminium. Breasted Hall. 


SATURDAY AFTERNOON 


Reactions of transmutation concluded; photon-induced nuclear reactions. Breasted Hall. 
Thermionic emission and allied topics. Eckhart 133. 

Seitz; solids other than metals. Kent. 

Cosmic-ray showers; scintillation counters; cloud chambers. Mandel Hall. 

Langsdorff; neutrons. Rosenwald 2. 


). High-polymer physics. Cobb 110. 


PROGRAMME 


Frimpay MorwnING aT 10:30 
Mandel Hall 
(1. 1. RaBi presiding ) 


Invited Papers 


Al. High Energy Nuclear Events. Enrico Fermi, University of Chicago. (45 min.) 


A2. Electronic distribution in alloys. N. F. Mott, University of Bristol. (30 min.) 


Bl. The Use of Conducting Extensions of Small Pool-Type 
Cathodes in Arcs. B. PEARSON DELANY AND Paut L. Cope- 
LAND, Illinois Institute of Technology—Lufcy and Copeland! 
found that the stability of arcs with pool-type cathodes was 
increased markedly by confining the cathode spot within a 
glass constriction. One of the disadvantages of this structure 
is the difficulty of establishing a discharge within the con- 
striction. In one part of the present work, constrictions formed 
from semi-conductors confine the cathode spot to a limited 
area of the pool surface. In another part of this work, the con- 
striction is formed by a glass tube pulled down into a taper. 
A drop of liquid at the small end serves as cathode pool, and 
the conducting extension in this case is made by coating the 
interior wall of the taper with a thin film of metal in electrical 
contact with the pool. In either of these arrangements, a 
glow between the extended cathode structure and an anode 
placed several centimeters above it is readily established. 
Under favorable circuit conditions, transition to an arc is 
rapid. When the arc is operated at low currents, an increase in 
the stability of the arc with reduction of the pool area within 
the constriction is observed. 


1C. W. Lufcy and P. L. Copeland, J. App. Phys. 16, 740 (1945). 


B2. Control of Low Current Arcs by Conducting Constric- 
tions. L. CoPpELAND AND B. PEARSON DELAny, Illinois 
Institute of Technology.—A constriction of resistance material 
in contact with a cathode pool serves as a very useful control 
electrode when an electrical connection is made to the part of 
the structure extending away from the pool. An arc may be 
initiated by applying a positive potential which is very much 
less than that required for the formation of a glow. In this 
work experimental arcs have been started and operated from 
a 50-volt d.c. source. With a current of an ampere or more, 
the arc continues after the potential is removed from the con- 
trol electrode. When a positive potential is maintained on the 
control electrode, the anode current may be reduced to the 
order of 100 milliamperes. The current carried by the control 
electrode in this case may be about 50 milliamperes. When 
the anode current is low, the removal of the potential from the 
control electrode results in the rapid extinction of the arc. 


B3. Stability of Short Arcs in Oxygen, Hydrogen, and 
Helium. W. M. BRUBAKER, Westinghouse Research Labora- 
tories —An arc drawn between separating contacts is known 


FRIDAY MORNING aT 10:00 
Eckhart 133 
(L. A. TURNER presiding) 


Papers Not Classed Elsewhere 


to be very unstable, in the absence of oxygen, in the usual 
power circuit. To study this instability experiments have 
been made in which a four-ampere arc in a 125-volt d.c. re- 
sistive circuit was repeatedly restruck between separating 
contacts. Various metals were used as cathodes, with spec- 
troscopically pure carbons as anodes, in various gases. Data 
have been obtained showing the dependence of average arc 
duration after ignition on the cathode material and on the 
pressure and kind of surrounding atmosphere for a number of 
metals in oxygen, hydrogen, and helium. Oxygen exhibits an 
extraordinary stabilizing influence for most metals, whereas 
in hydrogen the mean life of the arc is generally less than ten 
milliseconds even at atmospheric pressure. 


B4. Electron Loss Cross Sections for Hydrogen Atoms 
Passing Through Hydrogen Gas. S. K. ALLison, J. H. Mon- 
TAGUE, AND FRED RIBE, University of Chicago.—Measurements 
have been made of the electron-loss cross section in hydrogen 
gas for hydrogen atoms moving with kinetic energies between 
45 kev and 329 kev. The proton beam from a high voltage 
accelerator was passed through a thin window (8-15 kilovolts 
thick in various cases) and entered a chamber which could be 
filled with a known pressure of hydrogen gas. The chamber 
was located between the pole faces of a magnet capable of 
producing a field up to 8000 gauss. On emerging from the 
window the beam contained a neutralized fraction of hydrogen 
atoms. When hydrogen gas was admitted, some of these 
atoms were stripped of their electron and the proton thus 
formed bent out of the beam by the magnetic field. This 
attenuation of the beam could be expressed as an electron-loss 
cross section which varied from 6.6. cm? to 107" 
cm? per hydrogen atom at the limiting energies quoted above. 
Between 120 kev and 329 kev the cross section was found to 
vary approximately as E*, where E is the kinetic energy of the 
atom, and m is —0.70+.05. 


BS. A Versatile All-Metal 60° Mass Spectrometer. RussELL 
BALDOCK AND JOHN SiTEs, Oak Ridge.—A mass spectrometer 
has been constructed of stainless steel and uses aluminum 
gaskets for the vacuum seals. The VFM 100 D. P. I. diffusion 
pump is backed by a Welch 1405 forepump. A cold trap is held 
at —60°C by a refrigerator compressor system charged with 
freon 22. In addition, a liquid nitrogen trap may be used. 
The overhead mounted magnet has an Alnice iron yoke, with 
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16 individually wound, air-cooled coils. The magnet is supplied 
directly from a 2 kw G. E. amplidyne, which is controlled by 
an electronic regulator. Magnetic scanning is accomplished 
with a motor-driven helipot in the input comparison circuit 
of the amplidyne regulator. The source and receiver are modi- 
fications of the commonly used Nier type. Data on mass spec- 
tra may be recorded on an L and N Speedomax, read from a 
galvanometer scale, or taken using a bucking potentiometer 
on the grid of the VX-41A electrometer tube. Preliminary 
work has been done on appearance potentials and mass crack- 
ing patterns of calutron charge materials. 


B6. The Mass “Synchrometer” and Measurement of the 
Mass of S**.* LincoLn G. SmitH, Brookhaven National Lab- 
oratory.—A new method has been developed for accurately 
measuring the rotation period (7) of ions in a uniform mag- 
netic field. After passing through a slit 180° from the source, 
ions are subjected to an electric field of small extent in space 
and time. Thus is formed a short bunch having reduced energy 
and free to execute a large number (m) of rotations in the same 
plane without striking the source. Reestablishment of the 
electric field at time mT later further reduces the energy of the 
bunch so that it strikes a detector. Electronic measurement of 
the interval between two applied voltage pulses for maximum 
current to the detector yields a value of the ionic mass. From 
measurement of the time difference for St and O,* bunches 
(n=40, nT=840 usec.) formed in SOs, a value S=32.9823 
+0.0010 agreeing with Aston’s has been obtained. This result 
indicates, but does not prove, that a more recent value! is too 
high. Results to date have been obtained in a small preliminary 
instrument. A larger ‘“‘synchrometer”’ employing higher fields, 
believed capable of a precision of 10° or better is being designed. 

* Research carried on a Brookhaven National Laboratory, under the 


auspices of the U. S. AE 
1T. Okuda and K. Ogata, Phys. Rev. 60, 690L (1941). 


B7. On the Dissociation of Oxygen Molecules in the Upper 
Atmosphere. Ta-You Wu, National Research Council, Can- 
ada.—It has been shown by Moses and Wu! that on the basis 
of the conditions for steady state, namely, (a) constancy of 
number concentrations of atoms and molecules, (b) constancy 
of temperature, and the barometric equation, it is possible to 
determine the temperature and the concentrations of the 
oxygen atoms and molecules as functions of height, provided 
the temperature and the temperature gradient are given at a 
certain height where the theory holds. Further calculations 
have been carried out. The variation of the degree of dissocia- 
tion with height obtained differs from the results of Rakshit? 
and of Penndorf.’ The causes for the difference between the 
theory of Moses and Wu and those of Rakshit and Penndorf 
are pointed out. It is shown that Penndorf's result would 
correspond to the following situation: an atmosphere with the 
normal proportion of Nz and Oz, which is separated by hori- 
zontal, transparent partitions so that, while radiation can 
come down, the atoms and molecules after dissociation cannot 
redistribute themselves. The basic assumptions of the three 
theories are discussed. 

1H. E. Moses and T. Y. Wu, Phys. er 78, 333 (1950). 


2H. Rakshit, Ind. J. Phys. 21, 57 (194 
3R. Penndorf, J. Geophys. Res. 54, 7 (1949); Phys. Rev. 77, 561 (1950). 


B8. A Contribution to the Theory of Bose-Einstein Liquids. 
C. V. Heer anv J. G. Daunt, Ohio State University.— 
Smoothed potential models for liquid He* and liquid He? in 
which each are considered as ideal Bose-Einstein and Fermi- 
Dirac gases situated in potential wells of potential —x,° and 
— x3°, respectively, are considered. It is shown that the lambda 
transition temperatures, 7}, of solutions of such liquids can be 
calculated. The calculated values of 7}, as a function of con- 
centration of He’, appear to be in satisfactory agreement with 


the observed values. Detailed calculations have been made 
of the vapor pressures of such smoothed potential liquid models 
of He‘ and He? in solution. The results indicate that, in the 
temperature range above 1°K for solutions of not too high 
concentration of He’, the total vapor pressure would be higher 
than that given by Raoult’s law for temperatures both above 
and below the A-temperature of the solution. In this way the 
experimental results for the vapor pressure of such solutions, 
first emphasized by Taconis, et al., can be explained and good 
agreement between theory and experiment is evident. 


B9. The Velocity of Second Sound in He*-He‘ Mixtures. 
Ernest A. Lynton* AND HENRY A. FAIRBANK, Yale Uni- 
versity**.—Extending our preliminary measurements,' we 
have obtained the velocity of second sound in He*-He* mix- 
tures for temperatures between 1.24°K and 1.95°K and He? 
concentrations ranging from 0.09 percent to 0.80 percent. 
Even with these small concentrations of He* the second sound 
velocity at lower temperatures was found to be much larger 
than that for pure He‘, the difference increasing with decreas- 
ing temperature and increasing concentration, in general agree- 
ment with Pomeranchuk’s predictions.? At 1.26°K, e.g., the 
velocity was 19.08 meters/second for pure He‘, 24.04 m/sec. 
for 0.41 percent He’, and 27.09 m/sec. for 0.80 percent He’, 
while at temperatures above 1.95°K the difference between 
pure He‘ and the various concentrations of He* was less than 
the experimental error of one percent. 

* Du Pont Company Postgraduate Fellow. 

** Assisted by the ONR. 


1E. A. Lynton and H. A. Fairbank, Phys. Rev. 79, 735 (1950). 
21. Pomeranchuk, J. Exp. Theor. Phys. USSR 19, 42 (1949). 


B10. The Cosmological Constant as Derived from a Cluster 
of Galaxies. Guy C. Omer, JR., University of Chicago.— 
Clusters of galaxies are assumed to arise from small fluctua- 
tions in the initial density at the beginning of the expansion of 
the universe. A non-homogeneous, spherically symmetric cos- 
mological model is considered which has a cluster at the 
coordinate orgin and is surrounded by a homogeneous expand- 
ing field. The interior of the cluster can be oscillating and 
presently contracting. The periphery of the cluster must be 
monotonically expanding. There must be a transition zone 
which is asymptotically expanding to the Einstein static state. 
Since matter in the neighborhood of this transition zone is 
expanding or contracting at a very slow rate, a break in the 
density-radius curve of the cluster is to be expected. The loca- 
tion of this break would be determined by the ratio of the 
cosmological constant to the average mass of a galaxy. The 
cluster of galaxies in Coma Berenices was investigated with the 
Palomar 48” Schmidt telescope. A break was found in the 
density curve as integrated from the counts of galaxies pro- 
jected against the sky. If the average mass of these galaxies 
is of the order of 10° that of the sun, than the cosmological 
constant is of the order of +1078 (It-yrs)~. 


Bll. The Space-Time World and Physical Laws. Roprrt 
E. Bass, University of Toledo.—The existence of physical 
systems for immensely long periods is so basic and conspicuous 
in fact in the entire universe that this existence itself is a 
characteristic property of the cosmos. Continued existence or 
development of a physical system will, however, not follow 
from an initial state, unless simultaneous quantities in that 
state are connected by particular mathematical relations. 
Such relations are not causal laws and are irreducible to causal 
laws alone.' Furthermore, those relations are irreducible to 
probability laws. Less entropy and more available energy of 
a system at an earlier state will not enforce the actual validity 
of those relations at a later state. Hence there are two distinct 
basic kinds of order in the physical world: (I) An order of facts 
succeeding each other in time, (II) Such an order of simul- 
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taneous facts that systems can develop and continue to exist. 
Examples for the occurrence of II are: Non-vanishing mean 
mass density in the universe, stability of galaxies and of the 
solar system, and specific relations between simultaneous facts 
in biological organization. 


1R. E. Bass, Phys. Rev. 79, 201 (1950). 


B12. General Theory of Current Stabilizers. J. J. Gin. vARRY 
AND D. F. RuTLanp, Rand Corporation and Institute for Nu- 
merical Analysis, N.B.S.—The general theory of the linear 
four-terminal current stabilizer is developed by specifying an 
arbitrary stabilizer by four parameters (current-stabilization 
factor ¢, internal resistance r, equivalent shunt resistances g 
for open-circuited output and p for short-circuited output) 
which are necessary and sufficient for a complete specification. 
The current statilization factor t can be expressed as t=sr, 
where s is the voltage-stabilization ratio of the current sta- 
bilizer viewed as a voltage stabilizer. By means of an equiva- 
lent circuit derived! for the general voltage stabilizer, the 
general solution is obtained for the problem of expressing the 
over-all performance parameters of a current stabilizer in 
terms of parameters of the stabilizer itself and the load and 
supply resistances. Two special cases are discussed: one is the 
current-stabilizer analogue of a type of voltage stabilizer for 
which Hunt and Hickman? have given the theory; the other 


is the passive current stabilizer. Confirmatory experimental 
results are presented. 


1J. J. Gilvary and D. F. Rutland, Phys. Rev. 80, 129(A) (1950). 
2F, V. Hunt and R. W. Hickman, Rev. Sci. Inst. 10, 6 (1939). 


B13. Head Wave Produced by a Point Source. E. GEr- 
yuoy, University of Southern California——A very careful 
analysis has been made of the reflection of a pulse of sound 
from a point source in one non-absorbing liquid separated 
from a second non-absorbing liquid by an infinite plane 
boundary, thereby clarifying the mechanism of propagation 
of the head wave which arises when the index of refraction 
is < 1. The head wave is shown to be a consequence of devia- 
tions between geometrical and wave propagation, which cause 
rays incident at the critical angle to be refracted along the 
surface with finite amplitude. It is shown without approxima- 
tion that the head wave in the first medium is precisely the 
wave required to satisfy the boundary conditions for this re- 
fracted wave in the second medium. That the head wave does 
actually form plane wave fronts in the first medium, reflected 
from the surface at the critical angle, is shown by using 
Huyghens’ principle. Finally it is shown without approximation 
that a pulse of sound is received in the first medium at a time 
corresponding to propagation along the surface with the wave 
velocity of the second medium. The possibility of direct ex- 
perimental confirmation of the existence of the head wave in 
the analogous electromagnetic problem will be discussed. 


FRIDAY MorRNING AT 11:30 
Breasted Hall 
(J. R. Piatt presiding) 


Optical Physics and Microwave Spectroscopy 


Cl. Interference Films on Glass. Scotr ANDERSON, The 
Anderson Physical Laboratory.—Interference films on optical 
glass have been studied by means of channelled spectra. The 
variation of thickness and refractive index was measured as a 
function of time in an acid bath. The thickness change fol- 
lowed a definite function of time which is concave toward the 
time axis but does not conform to a diffusion mechanism. The 
refractive index shows an initial decrease followed by an in- 
crease which remains about equal to that of the base glass as 
the film thickness increases. These results indicate that the 
interference film forms by a narrow region of great disor- 
ganization moving as a “front” into the base glass. As the 
front moves into the glass, the constituents left behind re- 
assemble themselves in a configuration very similar to that 
present in the original glass. 


C2. Use of Image-Converting Tubes in Infra-Red Spectro- 
scopy. D. DEJARDIN AND R. FALGON, Université de Lyon.— 
Various image-converting tubes have been combined with 
spectrographs in such a way that the visible image of an infra- 
red portion of a spectrum appears on a luminescent screen. 
Such images have been photographed on orthochromatic 
plates with the aid of a chamber provided with an objective 
of large aperture. Among the spectra thus examined in the 
near infra-red are those of argon, mercury, hydrogen, etc. 
We had the best results with a three-electrode tube similar 
to the Bildwandler of the A.E.G., operated with a total 
voltage of about 13,000. This detector is so sensitive that we 
were able to record, with exposures of 20 minutes or less, 
prismatic spectra extending as far out as 12,100A (mercury) 
and also grating spectra of rather high dispersion. In the latter 


case the resolving power is good enough to bring out clearly 
the detailed structure of the bands of the first positive system 
of nitrogen, particularly that of the band (0,0) toward 10,500A. 
The spectrograms are comparable in quality with photographs 
made directly on special plates. The photo-sensitive layer has 
to be sharply cooled when the instrument is used for the study 
of the light of the night sky, as we are using it now. 


C3. The Variability of Atomic Polarizabilities. FRANK 
Matoss1, Naval Ordnance Laboratory.—In previous papers it 
has been proposed to consider the atomic polarizability a not 
as a constant but as dependent on the field strength or on the 
distance between neighboring atoms. Only then can the ob- 
served depolarization factors of symmetric Raman lines of 
diatomic molecules be accounted for. This idea is now applied 
to triatomic symmetric and unsymmetric linear molecules 
(OCO, SCS, OCS, NCS, NNO, NNN). The method used in- 
volves the knowledge of the force constants and is applicable 
to bond-stretching vibrations only. In all cases, it is possible 
to derive, from Raman effect and Rayleigh scattering data, 
reasonable values for the variation of the polarizability with 
the atomic distance. These values vary somewhat with the 
molecule from which they are derived, due possibly to the un- 
certainty of the force system. The values of da/dr are between 
0.6 and 2.5 X 10-6 cm? for N, C, and O; for S, they are between 
3 and 8X 10~* cm’. This is equivalent to a change of the atomic 
radius of not more than about 10 percent. 


C4. The Mass of S* from Microwave Spectroscopy.* W. S. 
Kosk1,** T. WENTINK, JR.,*** AND V. W. CoHEN, Brookhaven 
National Laboratory—The J=1-—>2 rotational transition for 
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OCS has been observed in molecules containing S* and S*, 
The OCS* frequency is 23457.403+.011 mc/sec. From the 
frequencies and the recently measured frequencies! of OCS* 
and OCS®, we have evaluated the isotopic mass difference 
ratios (m*5*—m*) /(m*—m*) and the 
values being 1.50156+.00015 and 2.99882+.00030, respect- 
ively. From these and the masses of the stable isotopes the 
value of m*® is calculated to be 34.97898+.00032, which com- 
pares favorably with the value 34.97907 +.00045 as computed 
from nuclear reaction data.2 The C—O and C-—S bond dis- 
tances have also been calculated to be 1.1637 and 1.5582A, 
respectively. 

* Research carried out under contract with the U. S. AEC. 

** Now at Johns Hopkins University, Department of Chemistry. 

*** Now at Cornell University, Ithaca, New York. 


1S, Geschwind (unpublished). 
2W. Low and C. H. Townes (to be published in The Physical Review). 


C5. A Reduction in the Doppler Width of Microwave Ab- 
sorption Lines. GEORGE NEWELL AND R. H. DickeE, Princeton 
University.—Since the natural width for transitions at micro- 
wave frequencies is negligible, the resolution of micro- 
wave spectroscopy and the stability of frequency standards 
based on microwave absorption lines is limited ultimately by 
the Doppler breadth of the lines. This paper describes a method 
capable in principle of reducing that breadth indefinitely. 
Microwave radiation with wave-length \ traverses the ab- 
sorbing gas in the X direction as an approximately plane wave. 
A system of charged grids establishes a stark effect in the 
gas which is spacially periodic with a repeat distance of \/2 
along the x-axis and which oscillates in time with an audio- 
frequency v. The influence of the periodic stark effect is such 
that, with sufficiently weak fields, that component of the ab- 
sorption which is modulated with the frequency » is due en- 


tirely to molecules having X components of velocity lying in 
narrow ranges about the values +v\/2. The broad absorption 
line is therefore replaced by two narrow symmetrically placed 
responses. The method is being tested with the ammonia in- 
version lines in apparatus designed to give a tenfold improve- 
ment in line width. Preliminary results will be reported. 


C6. Microwave Spectra of Deutero-Ammonias. H. Lyons, 
M. Kess.er, L. J. RUEGER, AND R. G. Nucko.ts, National 
Bureau of Standards.—Measurements of the spectra of the 
deutero-ammonias previously reported' have been extended 
with an improved spectrograph. Approximately 100 lines of 
NH;, NDH2, and ND2H have been found in the region from 
3100 to 17,000 Mc and are part of a program to provide pre- 
cise reference standards to lower frequencies than previously 
available. A major group of lines tentatively assigned to ND, 
appears in the region of 5000 Mc in agreement with the calcu- 
lations and data of Manning and of Loubser, Klein, and 
Townes.” Additional lines are expected when higher concen- 
trations of NDH, and ND:H are used. Separation of the ND; 
lines is being attempted so that analysis of the spectrum can 
be made. Many hyperfine lines have been resolved with spac- 
ings slightly different from NH; as expected. Line-width 
parameter measurements are under way. A representative list 
of the stronger lines in Mc follows: 3192; 3865; 4720; 5962; 
6461; 7561; 8284; 9007; 9518; 10,844; 11,400; 12,150; 12,778; 
13,210; 13,626; 13,923; 14,102, 14,566; 15,132; 15,772; 16,497. 
Helpful discussions with C. H. Townes are gratefully ac- 
knowledged. 

Lyons, Phys. pes. 76, 161 J. Phys. 21, 59 (1950). 

Manning, J. Chem. Phys. 3. 136 (19 ). J. H. N. Loubser and 


2M. F. 
J. A. Klein, Bull. Phys. a 78, 348 (1950). c it Townes (private com- 
munication). 


FRIDAY MORNING AT 10:30 
Kent 


(A. C. G. MITCHELL presiding) 


Beta-Emitters, Neutron Through Technetium 


D1. Measurement of K-Capture to Positron Ratios by 
Proportional Counter,* J. TowNsEND,+t Washington Univer- 
sity.—Several investigations have used proportional counters 
to study the low energy range of beta-spectra; the present 
work deals with their use in determining K-capture to positron 
ratios. A source, suitably placed inside a proportional counter, 
which decays both by orbital-electron capture and by positron 
emission, will emit x-rays, Auger electrons, and positrons that 
are absorbed by the counter gas in such a manner that every 
disintegration is counted. The height of the resulting counter 
pulse is in each case directly proportional to the energy of the 
emitted radiation; the pulse-height distribution can therefore 
by analyzed to give the ratio of K-capture events to positron 
emissions. Gaseous sources are found to yield much better 
spectra than the thinnest obtainable solid sources, due pre- 
sumably to absorption and scattering of Auger electrons in 
the backing. For gaseous sources, a correction is to be expected 
to account for reduction in path length of positrons emitted 
by gas molecules near the counter wall; under certain condi- 
tions, however, this wall correction can be neglected. These 
conditions will be discussed and results will be presented for 
Zn®, 


* Assisted by the joint program of the ONR and the AEC. 
t AEC Predoctoral Fellow. 


D2. Beta-Spectrum of the Neutron. J. M. Rosson, Na- 
tional Research Council, Chalk River.—The beta spectrum of 
the neutron has been measured by a spectrometer method. A 
collimated beam from the Chalk River pile passes between 
two magnetic lens spectrometers arranged end to end. An 
electrostatic collecting system deflects the low energy protons 
from the neutrons decaying in the beam into the proton mag- 
netic lens spectrometer where they are focused onto the first 
electrode of an electron multiplier. Some of the beta-particles 
from the decaying neutrons enter the other magnetic lens 
spectrometer set up as a beta-spectrometer with a scintillation 
counter as detector. Coincidences are obtained between the 
scintillation counter and the electron multiplier when a delay 
is introduced in the scintillation counter channel to compen- 
sate for the transit time of the protons through the proton 
spectrometer. These coincidences disappear if a boron shutter 
is placed in the beam or if the proton spectrometer is de- 
focused. By obtaining the coincidence rate as a function of the 
focusing current in the beta-spectrometer, the beta-spectrum 
of the neutron has been obtained. The spectrum is of the 
allowed shape with an end point of 782+13 kev. 


D3. Air Absorption of P*? Beta-Particles. R. K. CLARK. 
AND S. S. Brar.—The spatial distribution of the energy ab- 
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sorbed from beta-emitters is of interest in biological experi- 
mentation and in calibration of survey equipment. Measure- 
ments in air from point sources yield information which is 
helpful in these connections. The ionization produced in air 
by a P® source has been studied as a function of the distance 
from the source. The measurements were made in a large 
room. The active material was dried on aluminum foil (about 
200 wg/cm*) suspended by fine wires to minimize possible 
scattering by the mounting. The ionization was measured with 
cylindrical chambers of 1-liter and 10-liter volume, the walls 
of which were .0003” thick. The importance of a number of 
sources of error has been evaluated. These include the effect 
of the earth’s magnetic field, chamber-wall symmetry, and the 
chamber-supporting stem. Comparison will be made between 
the experimental results and the ionization to be expected on 
the basis of the known P® spectrum and the stopping power 
of beta-particles. 


D4. 6-Spectrum of L. FeELpMAN C. S. Wu.— 
Greuling’s' comparison of the theoretical half-life of K* with 
the observed value, based on AJ=4 and W,)=3.6 mc?, has 
been extended and leads to the result that the four inter- 
actions which give compatible half-lives, 37, 3A, 47, and 4V, 
also predict the same unique energy spectrum. This spectrum 
is determined by the correction factor C;=g*+7q'p?+7¢*p* 
+p*. The beta spectrum of K*° was measured in the solenoid 
spectrometer with a resolution of 9-10 percent using a KCl 
source approximately 2.5 mgm/cm? thick. The K* was en- 
riched to 7.13 percent at Oak Ridge under the supervision of 
C. P. Keim. The Kurie plot is curved concave towards the 
energy axis but yields a straight line down to about 500 kev 
when corrected by the C; factor. The end point is 1325+20 
kev. Comparative studies with an inert KCI source contain- 
ing Y* activity indicate that the deviation which sets in at 
500 kev is very probably due to source thickness. These re- 
sults are in essential agreement with those reported by other 
observers.” 

1 E. Greuling, Phys. Rev. 61, 568 (194 


2). 
2 Bell, Weaver, and Cassidy, Phys. Rev. 77, 399 (1950); D. E. Alburger, 
Phys. Rev. 78, 629 (1950). 


DS. Electron Capture in K*. V. L. Saitor, J. J. FLoyp, 
AND L. B. Borst.—Characteristic Kg x-rays have been ob- 
served associated with electron capture in naturally radioactive 
potassium (K**). A Pontecorvo type high gain proportional 
counter, filled with a krypton-methane mixture, proved effi- 
cient in discriminating between the 2.9 kv x-rays and the nu- 
clear beta-particles. The ratio of disintegration constants for 
electron capture to beta emission /A8 is thought to be less 
than 20 percent, probably consistent with complete decay 
through an excited state and hence by gamma-ray emission to 
the ground state of A‘. 


D6. Branching Ratio in K*. D. C. Hess, H. Brown, C. 
PATTERSON, AND M. G. INGHRAM, Argonne National Labora- 
tory and Institute for Nuclear Studies.—The ratio of beta- 
emission to K-capture in the decay of potassium 40 has been 
determined to be 7.9+.3 by measurement of the relative 
abundance of argon 40 and calcium 40 in an old mineral. 
Known amounts of argon 36 and calcium 48 were added to 
different aliquots of 108-year-old Stassfurt sylvite. The argon 
was then removed from the sample by melting at 1050°C for 
one hour. The isotopic constitution was compared with that 
of the original tracer with a mass spectrometer. The calcium 
was extracted by a stage of fractional crystallization followed 
by two oxalate precipitations. Its isotopic spectrum was com- 
pared with the original tracer using a surface ionization source. 
The presence of argon 38 and calcium 44 in the naturally 

‘occurring elements permitted a measurement of the radio- 
genic purity of the products. Comparison of the branching 
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ratio thus measured with the counting value of Sawyer and 
Wiedenbeck' indicates that there was little loss of argon 40 
during geologic time. We wish to thank Professor W. W. 
Watson of Yale for supplying the A**. The Ca** was supplied 
by the Y-12 Plant at Oak Ridge under allocation from the 
Atomic Energy Commission. 


1G. A. Sawyer and M. L. Wiedenbeck, Phys. Rev. 79, 490 (1950). 


D7. The High Energy Beta-Spectrum of Sc**. Frep T. 
PORTER AND C. SHARP CooK, Washington University.*—An 
investigation of the high energy negatron group of Sc** has 
been made with a 13-cm radius of curvature semi-circular 
magnetic spectrometer. Spectrometer sources were prepared 
from an Oak Ridge sample of Sc**. Two different chemical 
procedures for the purification of scandium were carried out 
with portions of the original sample. These, along with an 
unpurified portion, yielded three sources all of which resulted 
in identical spectral shapes. A high energy group of negatrons 
was found. The end point appears to be 1.2+-0.1 Mev and the 
abundance of the higher energy group about 0.9 percent. Both 
these figures are lower than those reported by Peacock and 
Wilkinson.' The lower end point modifies the disintegration 
scheme! by reversing the order of the gamma-rays, the high 
energy beta-group still going to the first excited state of Ti*®. 
Comparison of the areas of the internal conversion lines with 
those of the beta-spectra indicates internal conversion coeffi- 
cients of 1.36X10-* for the 0.89-Mev gamma-ray and of 
6.07 X 10-5 for the 1.12-Mev gamma-ray. 


* Assisted by the joint program of the ONR and the AEC. 
1 Peacock and Wilkinson, Phys. Rev. 74, 297 (1948). 


D8. Problems Related to Neutron-Rich Short-Lived Ar- 
senic Isotopes. RONALD A. BRIGHTSEN, KALMAN SHURE, 
CHARLIE FISHER,** AND CHARLES D. CorYELL, Massachusetts 
Institute of Technology.—The neutron-rich arsenic isotopes 
40h As” and 90m As” are well known.! Our separations from 
targets for the Br®'(m, a)As7* reaction confirm the 90m ac- 
tivity characterized in fission,** checking also the radiation 
characteristics, although others report a 65m period. Our 
studies of arsenic separated from other fission products by 
Winsberg’s volatilization method®» indicate however, promi- 
nent occurrence of an additional arsenic activity of about 40m 
period which probably has a germanium parent of ~2h 
period. Three isotones of As78 are known to display isomerism 
(Ge’?, Br®°, Rb®?). The 40m activity is probably another 
produced in high yield in 8-decay and in low yield in the (n, a) 
reaction. An alternate possibility is that it is As’, although 
Butement‘ reports a 9m activity from Se®(y, p)As’*. The 
arguments for assignment, genetics, and energetics will be 
elaborated. 

* Supported by the joint program of the ONR and the AEC. 

** Research Fellow from the Commissariat a I’Energie Atomique (Paris) 
under the M.I.T. Foreign Students’ Summer Project. 

1Way, Fano, Scott, and Thew, Nuclear Data (Nat. Bur. Stand. Circ. 
499, U. S. Printing Office, 1950). 

2E. P. Steinberg and D. W. Engelkemeir, Paper 54; L. Winsberg, 
Paper 228, Nat. Nucl. En. Series (McGraw-Hill Book Company, Inc., 
New York, 1950), Vol. 9, Div. IV. 

3A. H. Snell, Phys. Rev. 52, 1007 (1937); Sagane, — Miyamoto, 


and Ikawa, Proc. Phys. Math. Soc. Japan 21, 660 (193 
4F, D. S. Butement, Nature 165, 149 (1950). 


D9. The Disintegrations of Br*‘ and Br®*.* L. M. LANGER, 
Indiana University, AND R. B. DUFFIELD, University of IIli- 
nois.—The 32-minute activity of Br* and the 2.4-hour ac- 
tivity of Br® were separated from the other fission products 
produced on irradiating uranyl nitrate, enriched in U5, in 
the thermal column of a nuclear reactor. The beta-spectra of 
both activities were studied in a magnetic lens spectrometer. 
Br* emits a complex beta-spectrum which can be resolved 
into at least four groups with end points and relative intensi- 
ties of 4.679 Mev (40 percent), 3.56 Mev (9 percent), 2.53 


SESSIONS D AND E 1 


Mev (16 percent), and 1.72 Mev (35 percent). The absence of 
beta-gamma coincidences above 3.6 Mev suggests that the 
4.7 Mev transition is directly to the ground state of Kr®. 
The spectrum of this group does not have the forbidden shape 
which one might expect from the predictions of the nuclear 
shell model and from the relatively high value of the com- 
parative half-life (log ft.=7.75). It is suggested that the 32- 
minute half-life may be that of a metastable level (p32, gor2) 
feeding a very short lived (<5-sec.) ground state (D3,2, pis2) 
of Br. The Br® transition yields a simple straight-line Fermi 
plot consistent with its being an allowed transition from the 
ps2 ground state of Br*® to the py2 ground state of Kr. The 
end point is 0.940 Mev and log ft. =5.0. 


D10. Radiations from Mo” and Tc”™. Ropert CANADA 
AND MERLE E. Bunker, Indiana University.—The radiations 
from Mo*® (67 hours) and its metastable daughter Tc#™ (6 
hours) have been measured in a magnetic lens spectrograph. 
The beta-ray spectrum consists of a group with an end-point 
energy of 1.23 Mev, one of 0.445 Mev, and possibly a third 
lower energy group. The relative intensities of the 1.23-Mev 
to 0.445-Mev groups are 4:1. Gamma-rays have been found 
at 0.040, 0.140, 0.181, 0.367, 0.741, and 0.780 Mev. The 
gamma-rays at 0.040, 0.140, and 0.181 are internally con- 
verted. The spectrum of Tc* consists of one internally con- 
verted gamma-ray at 0.140 Mev. A disintegration scheme is 
proposed. 


FRIDAY AFTERNOON AT 2:15 
Cobb 110 
(W. H. ZINN presiding) 


Beta-Emitters, Ruthenium Through Gold 


El. Radioactivities of Ru’ and Rh’®.* R. B. 
University of Illinois, AND L. M. LANGER, Indiana University. 
—A lens spectrometer and coincidence methods have been 
used to study the disintegration of Ru! (4.5 hr.) and Rh! 
(36.2 hr.). The beta-spectrum of Ru! is simple, with an end 
point of 1.150+0.006 Mev. The beta is followed by a gamma- 
ray transition of 0.726 Mev to a previously unobserved meta- 
stable level in Rh. This isomer decays to the ground state 
of Rh! by emission of a converted gamma-ray of about 0.1 
Mev (absorption measurement) with a half-life of 45 seconds. 
The ground state of Rh’ emits a simple beta-spectrum with 
an end point of 0.570+0.005 Mev. No gamma-ray appears to 
be associated with this decay. 


* Research done at the Los Alamos Scientific Laboratory of the Univer- 
sity of California under the auspices of the AEC. 


E2. Half-Life of the Long-Lived Tc® A. H. JAFFey, 
SHERMAN FRIED, N. F. HALL, AND L. E. GLENDENIN, Argonne 
National Laboratory.—The half-life of Tc*® has been deter- 
mined on materials isolated both from fission products and 
from neutron-irradiated molybdenum. The _beta-particle 
measurements were made on aliquots of solutions deposited 
on thin rubber-hydrochloride films. The concentrations of the 
solutions were determined by dissolving known weights 
(several milligrams) of known compounds—NH,TcQ, and Tc 
metal. The beta-counts were made absolute by comparison 
with Co® and RaDEF standards. The Co® sources were 
standardized by coincidence counting and by comparison 
with Bureau of Standards samples. The RaDEF sources had 
been standardized' by alpha-counting RaF. Owing to the 
large upswing of the absorption curves at small absorption, 
comparison with RaE required the use of a low absorption 
counter; variation of specific ionization with electron energy 
required the use of high gas density in the detector. Because 
of the great similarity in absorption curves, comparison of 
Tc” and Co® was relatively simple. The result was a specific 
activity of 3.7810* d/m/microgram, or a half-life of 2.12 
X105 years, with an estimated error of +2 percent. 


1T. B. Novey, Rev. Sci. Inst. 21, 280 (1950). 


E3. A Lower Limit on the Half-Life of Sn. J. S Lawson, 
Jr., University of Illinois.—The double beta-decay of Sn' 
has been investigated in a cloud chamber, with an isotopically 
enriched sample percent (83 Sn'*) weighing 0.268 g, obtained 


from Oak Ridge. A sensitive time of 0.47 second per picture 
was used, in taking 8794 pictures which were then searched 
twice for possible events. Thirty-nine such events were found 
and examined by stereoscopic reproijection. All these two track 
events were found to have one or more of the following faults: 
(1) different track origins, (2) two apparent tracks due to one 
electron circling through foil twice, (3) two tracks due to split- 
ting of one by sweep field, and (4) tracks of different ages. 
The 10 best-looking of these ‘‘possible events’’ were critically 
examined for further confirmation of their not being the event 
sought. It was found that in all cases the two electrons had 
very nearly the same direction, and that the total kinetic 
energy was about 500 kev. Thus, no events were seen of the 
type reported by Fireman.! As conservative estimates of the 
useable solid angle in the chamber predict a yield of at least 
5 events for a half-life of 10’ years, and none were seen; the 
half-life is probably greater than this. 

1E. L. Fireman, Phys. Rev. 75, 323 (1949). 


E4. New Antimony Isotopes in Fission.* ALExis C. 
Pappas,t Massachusetts Institute of Technology.—Previous 
work! on antimony activities in fission disclosed the occurrence 
of ~5-min. Sb" and that Sb" and Sb™ both have <10-min. 
half-lives. Attention has been turned to this element in con- 
nection with further studies? of fission-yield perturbations re- 
sulting from closed-shell effects. After short irradiation of 
UO; with thermal neutrons and fast chemical separation of 
antimony by solvent extraction (SbCl;+Cl: into isopropyl 
ether; SbCl;+N:H, into HXO—NaNCS, ether wash), the 
activity of the solution was observed. Four species were 
identified of ~50 sec., 2.0-min., 4.4-min., and 23.1-min. half- 
lives. In separate experiments, fission mixtures were rapidly 
freed of tellurium, and successive tellurium separations made 
for genetic identification. Activity-time curves of 30-min. 
Te'\—8.0-day I'* showed the occurrence of 23-min. Sb". 
Curves of 66-min. Te'*—22-hr. I" showed 4.4-min. Sb™, 
Energetic considerations lead to probable identifications as 
Sb™ for the 2.0-min. activity and Sb" for ~S50-sec. 
activity. 

Fellow of the Reval Couscll fer Scientific and Industrial 
Research from the University of Oslo. 

1P. H. Abelson, Phys. Rev. 56, 1 (1939). 

2 A. C. Pappas and C. D. Coryell, abstract ES. 


3L. E. Glendenin and C. D. Coryell, Phys. Rev. 75, 337 (1949); Phys. 
Rev. 77, 755 (1950). 
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ES. Excited States of Prometheum'™’ Appearing in the 
Disintegration of Neodymium. W. S. EMMERICH AND J. D. 
KuRBATOV, Ohio State University—Energy levels in Pm"? 
following the beta-disintegration of Nd"? have been studied. 
Commercially supplied, spectroscopically pure neodymium 
was activated by neutrons at the Oak Ridge National Labora- 
tory of the AEC. The aged, activated neodymium was in- 
vestigated with a permanent magnet spectrograph for internal 
conversion electrons. The observed groups of monoenergetic 
electrons were found to have energies of 46.0+0.2, 84.5+0.3, 
and 89.9+0.5 kev. The decrease in intensity of these lines 
corresponds to a decay period of ~11 days. Applying the bind- 
ing energies for K, L, and M electrons of prometheum gave 
the energy of the photon as 91.5+1.0 kev. The Ni/Ni was 
found to be 2.5. Including the previously reported upper 
energies of the complex beta-disintegration of Nd"? and the 
emitted photons,'~* a scheme of disintegration will be proposed. 


1G. T. Seaborg and I. Perlman, Rev. Mod. Phys. be 585 (1948). 
2 Cork, Shreffler, and Fowler, Phys. Rev. 74, 240 (1948). 
*C. E. Mandeville and E. Shapiro, Phys. Rev. 79. 301 (1950). 


E6. The Decay of Yb’®.* A. W. SunyaR AND J. W. MIHE- 
LicH, Brookhaven National Laboratory.—It has been reported! 
that following K-capture in Yb'® (33-day), a converted 
gamma-ray of 400 kev is emitted, leading to an isomeric state 
of 1 usec. lifetime, which decays to the ground state by emis- 
sion of an internally converted gamma-ray of 190 kev. Recent 
work? has revealed the presence of several gamma-rays. We 
have investigated the decay scheme by scintillation counter 
coincidence techniques. Approximate K/L ratios for the con- 
version lines obtained with a 180° permanent magnet-type 
spectrograph are of aid in assigning a level scheme. Only K 
and L x-rays of Tm and no gamma-rays precede the isomeric 
state. The lifetime of the isomeric state is 6.0X10~7 sec., in 
agreement with an independent measurement by Fuller.* The 
isomeric state is probably 307 kev above the ground state and 
decays by three alternative means: (1) the 307-kev ground 
state transition, (2) a 177-kev gamma-ray followed by a 130- 
kev gamma-ray, (3) a 198-kev gamma-ray followed by a 109- 
kev gamma-ray. 

* Work performed at Brookhaven National Laboratory, under the 
of the AEC. 

S. De Benedetti and F. K. McGowan, Phys. Rev. 74, 736 (1948). 


2 Cork Keller, Rutledge, and Stoddard, Phys. Rev. ro 95 (1950). 
3 E. W. Fuller, Proc. Phys. Soc. London 63A, 1044 (1950). 


E7. Radioactivity of Ta’.* W. L. BENpEL,+ HuGH Brown, 
AND RosertT A. BECKER, University of Illinois.—Eight-hour 
Ta!* in thin foil samples was obtained by the probe method! 
in the 22-Mev betatron through a gamma-n process. Use of a 
180° spectrometer showed the presence of a strong beta- 
minus component with end point near 600 kev, with some 
evidence for another with end point near 700 kev. Auger lines, 
intense x-rays, and critical absorption techniques confirm the 
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K-capture process reported by Oldenberg.? Positrons were 
sought, and found to be absent. Coincidence techniques reveal 
gamma-gamma, gamma-beta, and electron-gamma_ coinci- 
dences. In addition to these are found prominent L and M 
conversion lines and a weaker K line, all attributed to a strong 
92-kev transition. Also, a weak line was found, which was 
attributed to the conversion of a 103-kev gamma-ray. A 
tentative partial decay scheme will be presented. Detailed 
measurements yield a half-life of 8.15 hours for this activity. 

* Assisted by the joint program of ONR and AEC. 

AEC Predoctora! Fellow. 


1 Becker, Kirn, and Buck, Phys. Rev. 76, 1406 (1949). 
20. Oldenberg, Phys. Rev. 53, 35 (1938). 


E8. Disintegration Scheme of Re. Franz R. METZGER 
AND R. D. HILt, University of Illinois.*—The radiation 
emitted in the decay of Re!®* has been investigated using scin- 
tillation counters and §-ray spectrographs. Appreciable num- 
bers of B—y, X—vy and X—X coincidences were observed, 
but no y—y coincidences! could be detected. The main fea- 
tures of our disintegration scheme are the following. In 90 
percent of the disintegrations, Re!8* decays by 6 -emission 
into Os!8¢, and in the remaining 10 percent by K-capture into 
W'86, A 25-percent partial 6--spectrum of 930-kev end point 
is followed by a 137-kev y-ray. A 3-percent branch of K- 
capture is succeeded by a 123-kev y-ray. All the other dis- 
integrations observed lead directly to the ground states of the 
product nuclei. From a search for y— vy coincidences, we con- 
clude that there is less than one positron for every 10° Re'8¢ 
disintegrations. For the 137-kev y-ray we measured ax =0.35 
+0.1 and Nx/Ni=0.6+0.1. The corresponding values for 
the much weaker 123-kev y-ray are ~0.45 and ~0.6. Based 
on these conversion data we interpret both y-rays as electric 
quadrupole transitions. 


* Supported in part by the joint program of the ONR and AEC. 
1 Beach, Peacock, and Wilkinson, Phys. Rev. 76, 1585 (1949). 


E9. Beta-Spectrum and Internal Conversion for Au’*® and 
Cb®. C. Y. Fan University of Chicago.—The £-spectra of 
2.7-day Au! and of 35-day Cb® have been studied with the 
double lens 8-spectrometer of this laboratory.'! For Au!%8, the 
B-spectrum is allowed with end point at 0.961 Mev. The 
gamma-ray has energy Ey =0.411 Mev and internal conver- 
sion coefficients ax =2.9 percent, az+m=1.2 percent. These 
values are in accord with those obtained by Siegbahn and 
Hedgram? and by Saxon and Heller.’ In the case of Cb®*, the 
8-spectrum was also allowed with end point at 0.163 Mev. 
The gamma-ray having energy Ey=0.771 Mev showed a 
total internal conversion ax+z+u=90.18 percent. The LZ con- 
version line was not resolved, but the ratio ax/az=2.3 could 
be estimated. 


1H. M. Agnew and H. L. Anderson, Rev. Sci. Inst. 20, 869 (1949). 
2K. Siegbahn and A. Hedgran, Phys. Rev. 75, 318 (1949). 
3 D. Saxon and R. Heller, Phys. Rev. 75, 909 (1949). 


FRIDAY AFTERNOON AT 2:15 
Judd 126 
(R. S. MULLIKEN presiding) 


Invited Paper 


Fl. Regularities in the Ultraviolet Spectra of Large Molecules. J. R. Piatt, University of 
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F2. Raman and Infra-Red Spectra of CHBrCl, and 4H. SHERMAN, Illinois Institute of Technology —Raman dis- 


placements (Av), quantitative depolarization factors, semi- 


CDBrCl,. R. PoLo, Forrest F. CLEVELAND, 
quantitative relative intensities (I), and infra-red wave 


RicHARD B. BERNSTEIN, ARNOLD G. MEISTER, AND ROBERT 
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numbers (v) have been obtained for CHBrCl, and CDBrCl: 
in the liquid state. The CDBrCl, sample contained about 60 
percent of CHBrCl,. The infra-red spectra were obtained 
with a Perkin-Elmer 12C spectrometer equipped with NaCl 
optics, and the region scanned was 700-4000 cm™. For 
CHBrClh, Av and J values have been reported by Bonino and 
Brill, Kohlrausch and Képpl, and Glockler and Leader; and 
their data are in substantial agreement with the present re- 
sults. However, no depolarization or infra-red data for 
CHBrCl: and no Raman or infra-red data at all for CDBrCl: 
could be found in the literature. The present Av values in cm 
for the fundamental frequencies of the two compounds are: 


CHBrCl, 220, 220, 329, 602, 719, 761, 1171, 1214, 3022; 
CDBrCl, 220, 220, 329, 580, 700, 735, 872, 904, 2253. 


The 220 cm™ line corresponds to two unresolved fundamentals. 
The present v and Av values are in very close agreement. The 
depolarization factors were obtained by the well-tested single- 
exposure method previously used in this laboratory. Infra-red 
work with KBr optics, calculation of thermodynamic proper- 
ties, and normal coordinate treatments for the two molecules 
are in progress. 


F3. Raman and Infra-Red Spectra of CHCIBr. and 
CDCIBr.. DoNALD A. PONTARELLI, FORREST F. CLEVELAND, 
RICHARD B. BERNSTEIN, ARNOLD G. MEISTER, AND ROBERT 
H. SHERMAN, Illinois Institute of Technology—Raman dis- 
placements (Av), semi-quantitative relative intensities (I), 
and quantitative depolarization factors for the liquid, and 
infra-red wave numbers (v) for both liquid and gas have been 
obtained for CHCIBr. and CDCIBre. The CDCIBr2 sample 
contained about 40 percent CHCIBre. Both Beckman IR-2 
(KBr optics) and Perkin-Elmer 12C (NaCl optics) spec- 
trometers were used and the region scanned was 400-4000 
cm~. For CHCIBr2, Av and I values have been reported by 
Glockler and Leader; and their values are in good agreement 
with the present results, except for the 1190- and 3020-cm~ 
lines, for which the present values are, respectively, 4 and 3 
cm™ less than their's. Also, vy values have been reported by 
Emschwiller and Lecomte; but their results are not in very 
good agreement with the present data. No depolarization 
factors for CHCIBrz and no Raman or infra-red data at all 
for CDCIBre were found in the literature. The present Av 
values in cm for the fundamental frequencies of the two 
compounds are: 


CHCIBr2 168, 201, 279, 569, 659, 750, 1146, 1190, 3020; 
CDCIBr2 168, 201, 279, 545, 635, 725, 853, 888, 2252. 


The present » and Ap values are in excellent agreement. Normal 
coordinate treatments and calculation of thermodynamic 
properties for the two molecules are in progress. 


F4. Raman Spectral Data for CBrClH, ALFons WEBER, 
Forrest F. CLEVELAND, AND ARNOLD G. MEISTER, Illinois 
Institute of Technology—Raman displacements (Av), quanti- 
tative depolarization factors (p), and semiquantitative rela- 
tive intensities (1) have been obtained for liquid CBrClHe. 
Results of previous Raman investigations by Bacher and 
Wagner, Wagner, and Delwaulle and Francois are in substan- 
tial agreement with the present results. The infra-red results 
of Emschwiller and Lecomte and of Plyler also are in very 
good agreement with the present and previous Raman data. 
The present depolarization factors were measured by the well- 
tested single-exposure method used in this laboratory and 
substantiate the values of Wagner and of Delwaulle and 
Francois. A new Raman line at 460 cm™ has been found; it is 
probably the first overtone of the 228 cm™ fundamental. The 
present Av(J)p values for the fundamentals are: 228(68)0.41; 
603(100)0.16; 729(5)0.54; 854(very weak); 1128(1)0.85; 
1227(1)0.32; 1407(5)0.66; 2989(44)0.23; 3056(4)0.84. A nor- 
mal coordinate treatment and calculation of the thermo- 


dynamic functions are in progress. Neither force constants 
nor experimental or calculated thermodynamic functions are 
available in the literature. 


F5. Raman and Infra-Red Spectral Data and Calculated 
Thermodynamic Properties for CH;I. Paut F. Fenton, 
Armour Research Foundation, Forrest F. CLEVELAND, AND 
ARNOLD G. MEtsTER, J/linois Institute of Technology—Raman 
displacements, semiquantitative relative intensities, and quan- 
titative depolarization factors have been obtained for all of 
the fundamental frequencies of CH,lI in the liquid state. The 
depolarization factors were determined with the well-tested 
single-exposure method previously used in this laboratory. The 
infra-red wave numbers for both liquid and gaseous CH,lI 
in the region 400-4000 cm also have been determined, with 
both Beckman IR-2 (KBr optics) and Perkin-Elmer 12C 
(NaCl optics) spectrometers. Present values for the spectral 
data were compared with the results of previous investigators 
in order to decide upon the most probable values of the funda- 
mental frequencies. The fundamental frequencies so obtained 
were then used to calculate the thermodynamic properties— 
heat content, free energy, entropy, and heat capacity—for 
eleven temperatures from 200° to 1000°K, to a rigid rotator, 
harmonic oscillator approximation. Force constants are being 
determined by the Wilson FG matrix method; and the con- 
stants thus obtained will be tested by calculation of fre- 
quencies for CD;I, four of which are known.! 


Ch. Courtoy, Ann. soc. sci. Bruxelles 60, 122 (1946). 


F6. Force Constants and Calculated Thermodynamic Prop- 
erties for Some Trifluoromethanes. CHARLOTTE E. DECKER, 
ARNOLD G. MEISTER, AND ForrREsT F. CLEVELAND, Illinois 
Institute of Technology.—Force constants have been deter- 
mined for the CF, and CF;H molecules, by the Wilson FG 
matrix method and a potential energy function containing 
all possible second-degree terms. These force constants were 
then used to predict the fundamental frequencies of CF;D, 
for which no experimental values could be found in the litera- 
ture. The frequencies so obtained should be reliable to within 
2 percent of the calculated values. The F matrix elements 
have been obtained for the type E fundamental vibrations of 
CF;Cl and the determination of the F matrix elements for 
the type A, vibrations is in progress. The available Raman 
and infra-red data for CF,y, CF;H, and CF;Cl were collected 
and critically examined, in comparison with the results of the 
normal coordinate treatments, in order to decide upon the 
best values for the fundamental frequencies. These frequencies 
were then used to calculate the heat content, free energy, 
entropy, and heat capacity for the three compounds for the 
ideal gaseous state at one atmosphere pressure for tempera- 
tures ranging from 50 degrees below the boiling point to 
1000°K. Similar calculations also are being made for CF;D in 
order that fairly good tentative values of the thermodynamic 
properties might be available for this molecule, pending the 
experimental determination of its fundamental vibrational 
frequencies. 


F7. Infra-Red Spectra and Calculated Thermodynamic 
Properties for Some Trichloromethanes. JoHN R. MADIGAN 
AND Forrest F. CLEVELAND, I/linois Institute of Technology.— 
Continuing previous work on the trichloromethanes, wave 
numbers and estimated relative intensities of the infra-red 
absorption bands of CCIl;H, CCly, and CCI;Br have been ob- 
tained with a Beckman IR-2 spectrophotometer (KBr optics). 
For CCl;H and CCl, bands were found in the regions 660- 
3100 and 700-1300 cm™, respectively, for both liquid and 
vapor. Previous data for the gas were obtained in only one 
investigation for each of the two molecules, and then only 3 
bands were obtained for CCl;H and 1 for CCl,; we obtained 
5 bands for each. For CC1;Br, bands were found in the region 
400-1600 cm for the liquid only. With gaseous frequencies 
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used whenever possible, heat content, free energy, entropy, 
and heat capacity values were calculated for the ideal gaseous 
state at 1 atmos. pressure for nine temperatures from 298.16° 
to 1000°K, to a rigid rotator, harmonic oscillator approxima- 
tion. Previous calculations of some of these had been made 
for CCl,H and CCl, by Vold, by Yost, and by Lord and 
Blanchard; but, since they used more liquid frequencies and 
older values of the bond distances and angles, their values are 
all slightly larger than the present values. The present calcu- 
lated entropies are in good agreement with the few experi- 
mental values. 


F8. Frequency Assignment, Force Constants, and Calcu- 
lated Thermodynamic Properties for 1,1,1-Trichloroethane. 
M. ZAK1 EL-SABBAN, ARNOLD G. MEISTER, AND Forrest F. 
- CLEVELAND, Illinois Institute of Technology.—A normal co- 
ordinate treatment for H;C—CCI; was carried out by the 
Wilson FG matrix method and a reasonable set of force con- 
stants was obtained. The calculations indicated that one of 
the doubly degenerate vibrations should correspond to the 
wave number 363 cm, which was not observed in the present 
investigation and has been regarded as doubtful by previous 
investigators. The calculations also indicated that the wave 
number corresponding to the carbon-carbon stretching vibra- 
tion is 1035 cm~. The values finally adopted for the A; and 
E fundamentals are: A:—343, 522, 1035, 1378, 2939; E—241, 
363, 716, 1077, 1434, and 3005 cm=. These were used to calcu- 
late the heat content, free energy, entropy, and heat capacity 
for the ideal gaseous state at one atmosphere pressure for nine 
temperatures from 298.16° to 1000°K. Comparison with the 
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experimental values of the entropy given by Rubin, Levedahl, 
and Yost! indicated that a reasonable value for the torsional 
frequency is 207+19 cm™. 


1T. R. Rubin, B. H. Levedahl, and D. M. Yost, J. Am. Chem. Soc. 66, 
279 (1944). 


F9. Vibrational Spectra and Assignments for Dimethyl- 
diacetylene. SALVADOR M. FERIGLE, ForREsT F. CLEVELAND, 
AND ARNOLD G. MEISTER, Illinois Institute of Technology.— 
Previous work on the H—C=C—C=C—H (DA) and H;C=C 
=C—C=C—CH; (DMDA) molecules indicated a smaller 
value for the force constant of the central C—C bond than 
would be expected from the bond length determined by elec- 
tron diffraction. Also, difficulty was experienced in obtaining 
a satisfactory set of force constants for the doubly degenerate 
vibrations. In an attempt to clear up these difficulties, we 
have obtained new Raman and infra-red data for DMDA in 
both CCI, and benzene solutions. Depolarization factors were 
obtained by the new well-tested single-exposure method, the 
most significant result being the value 0.84 obtained for the 
475-cm™ line, previously assigned as a polarized A; funda- 
mental. Consequently, the assignment of this line must be 
changed. The assignment of the 644-cm™ band of DA also 
seems questionable, for comparison with the data of a number 
of molecules containing the -C=C—H group indicates that 
it should have been assigned as a bending mode. The low value 
previously indicated for the C—C force constant is thus no 
longer certain. Some of the assignments have now been 
changed and a normal coordinate treatment is in progress to 
see if satisfactory force constants can be obtained. 


G1. High Polymer Model Including Van der Waals Forces. 
EuGENE Gutu, University of Notre Dame, AND HuBERT M. 
James, Purdue University.—In the elementary statistical 
theory of rubber, considered as a network of flexible molecular 
chains, forces between the molecules are neglected, except as 
they control the volume of the system. Actually, these forces 
tend to align neighboring molecules, producing partia! crystal- 
lization at low temperatures. We have studied a model in 
which the molecular chains are treated as consisting of links 
which exert on all neighboring links (of the same or of different 
chains) on orienting force derived from a potential A cos?#, 
6 being the angle between the axes of the two links. With A 
negative, neighboring links then tend to become parallel or 
antiparallel. The effect of these orienting forces has been dis- 
cussed in the Bragg-Williams approximation. They produce a 
first-order transition, a rotational freezing, at a temperature 
which is higher the higher the degree of cure and the more the 
material is stretched. The sharp transition predicted by this 
theory, in contrast to the observed behavior of freezing 
rubber, is due to the uniformity of conditions in the material 
implied by use of the Bragg-Williams approximation. This 
type of model may, however, be useful in discussing the effect 
of van der Waals forces above the freezing point. 


G2. Statistical Theory of Large Deformations of Rubber- 
like Materials.* M1inG CHEN (WANG) YU AND EUGENE GUTH, 
University of Notre Dame.—In the elementary statistical theory 
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of rubber elasticity, the material is assumed to consist of a net- 
work of molecular chains, for each of which the configuration 
function (number of possible configurations as a function of the 
separation of its ends) is of Gaussian form. For a pure ho- 
mogeneous deformation of a unit cube into a cuboid with 
edges Lz, Ly, Lz, the theory yields an elastic energy propor- 
tional to the sum of the squares of the relative lengths L,, Ly, 
L,, to the absolute temperature, and to a factor depending on 
distribution functions characterizing the unstretched network. 
If the configuration functions for the molecules are not Gaussian, 
the elastic energy can be expanded in powers of the three in- 
variants of L,, L,, Lz, with coefficients depending on the dis- 
tribution functions that characterize the unstretched network. 
These distribution functions imply relations between the co- 
efficients in the expansion of the elastic energy. A linear func- 
tion of two, and a polynomial in all three invariants with arbi- 
trary coefficients have been proposed by Mooney and Rivlin, 
respectively, on a phenomenological basis. The relation of this 
phenomenological theory to the statistical theory will be dis- 
cussed and comparisons with experiment will be made. 


* Supported in part by ONR. 


G3. Visco-Elasticity of Rubber. R. B. Biizarp,* Massa- 
chusetts Institute of Technology.—A theory has been developed 
for the elastic behavior of rubber in the frequency range above 
that at which creep is important and below that at which it 
behaves like a hard solid. The rubber chains are treated as 


= 
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springs in a viscous medium, and a general expression is ob- 
tained for the contribution to modulus of a single section of 
chain as a function of its length and terminations. A sta- 
tistical estimate is made of the number of chain segments hav- 
ing given length and terminations. A modulus function is 
found for the group of chains with each kind of termination 
and these are added in the proper amounts to give the form 
of the modulus vs. frequency curve for any amount of cross- 
linking. Measurements of shear modulus were made at fre- 
quencies between 0.012 and 750 cycles/sec. Agreement is 
good if a pure viscosity is added to the theory. Kirkwood’s 
theory agrees about as well. Although the two theories are 
fundamentally different, they give nearly the same result in 
the range for which there are good data. Measurements on a 
series of samples made from the same monomer with varying 
polymerization and cross-linking should elimisjate at least one 
theory. Both theories predict that at low frequencies the im- 
aginary part of the modulus is proportional to frequency. 
Experiment indicates that it approaches a nearly constant 
value, thus setting a lower frequency limit on the validity of 
the theories. 


* Now at Sperry Gyroscope Company, Great Neck, New York. 
1J. Chem. Phys. 14, 51-56 (1946). 


G4. A Study of Crystallite Sizes in Polymers by a Light 
Scattering Method.* F. anp P. DeEByE, Cornell 
University.—A tractable relation for the angular scattering of 
light by cylindrical inhomogeneities of any size has been found. 
This relation has been applied to the angular light scattering 
curves observed for several polymers during various stages 
of crystallization. The results so obtained indicate that the 
polymers contain crystallites, or aggregates thereof, which are 
of the order of thousands of angstroms large. Modified quench- 
ing experiments have been performed. These together with 
observed changes in crystallite size as the polymer is heated 
indicate that small crystallites are stable only at low tempera- 
tures. Measurements of the size of crystallites in a crystallizing 
supercooled polymer have also been made. Near the melting 
point it is found that after an induction period the number of 
crystallites increases in the manner reported by others. How- 
ever, the average size of the crystallites remains constant 
within experimental error. This indicates that the crystallites 
do not grow indefinitely and that their rate of growth at these 
temperatures is far larger than the rate of crystal nucleation. 

*The work reported in this paper was done in connection with the 


Government Research Program on Synthetic Rubber under contract with 
the Office of Rubber Reserve, Reconstruction Finance Corporation. 


G5. Stress-Temperature Studies of the Second-Order 
Transition in Rubbers.* R. S. WitTE anv R. L. ANTHONY, 
University of Notre Dame.—The apparent second-order transi- 
tion occurring in rubbers was studied by observing the de- 
pendence of stress upon temperature and time in samples held 
at various constant extended lengths. The rubber stocks 
studied were a natural rubber gum stock, a butyl gum stock, 
a GR-S loaded stock, and a Hycar OS-10 loaded stock. All 
samples were stretched to the desired extended length at room 
temperature and permitted to relax until only a negligible 
time rate of stress relaxation remained. The temperature was 
then lowered and the stress observed as a function of tempera- 
ture and time. Rapid stress relaxation was observed slightly 
below the transition temperature, 7m; but no stress relaxation 
was observed at temperatures a few degrees above 7m nor 
well below Tm. For both the butyl and Hycar OS-10 stocks 
Tm was observed to depend strongly upon extension, higher 
extensions resulting in lower values of Tm. No such depend- 
ence upon extension was observed for three different exten- 
sions of the natural rubber stock. The interpretation of the 
tesults will be discussed. 


* Supported in part by ONR. 


G6. Study of High Polymers by Nuclear Magnetic Induc- 
tion.* B. A. Mrowca anpD L. V. HoLroyp, University of 
Notre Dame.—Quantitative data on nuclear magnetic reson- 
ance line widths have been obtained for several high polymers. 
The line widths were measured at room temperature in a field 
of approximately 7000 gauss at a frequency in the neighbor- 
hood of 30 Mc. The narrowness of the line width obtained for 
unvulcanized natural rubber and GR-S shows that “‘free’’ ro- 
tation of molecules containing proton groups in these materials 
is comparable to that of protons in water. Vulcanization or 
carbon black loading produced a broadening of the observed 
line widths, indicating that either process tends to impede 
‘free’ rotation. The line widths for several polymers were ob- 
served as a function of temperature. The temperature range 
was chosen to include the “second-order transition region.” 
As expected, the line widths were found to increase with de- 
creasing temperature through this region. 


* Supported in part by ONR. 


G7. Velocity and Attenuation of Sound in Plexiglas.* 
J. GarrNney AND A. A. PetrausKas, University of Notre 
Dame.—Using an improved pulsed ultrasonic technique the 
velocity and attenuation of sound in polymethyl methacry- 
late (Plexiglas) were measured as functions of temperature at 
frequencies of one and two megacycles. The temperature 
range investigated extended from 20°C to 95°C. Preliminary 
results indicate that with the present equipment velocities 
can be measured to a precision of about 0.03 percent. It was 
found that the velocity in Plexiglas decreases gradually at 
first with increasing temperature, and then more rapidly at 
higher temperatures. The attenuation increases with increas- 
ing temperature. In the frequency and temperature range in- 
vestigated no definite evidence in support of a second-order 
transition in Plexiglas was found either in the velocity or in 
the attenuation measurements. 


* Supported in part by ONR. 


G8. Visco-Elastic and Flow Properties of Polyisobutylene.* 
HERBERT LEADERMAN AND R. G. Situ, National Bureau of 
Standards.—The retarded-elastic shear compliance ¥(t)/G and 
the flow behavior have been measured for low molecular weight 


isobutylene polymers (M,=6.5X10® to 7.010‘) and a co- 
polymer (M,,=1960). For each material, the viscosity » and 
the time-scale for retarded elastic behavior vary in the same 
way with temperature; thus, for a given material the retarded 
elastic behavior at different temperatures can be represented 
by a single curve if ¥(t)/G is plotted against log(t/n). This 
curve varies slightly with molecular weight ; ¥(¢) can be repre- 
sented by a function of the type 


1—exp[— (¢/r)™], 
where m is about 0.5. For polyisobutylene, logy varies linearly 
with 1/7*. The non-Newtonian flow can be expressed in terms 
of an “internal shear modulus” G; following Ferry;! G; is not 
very temperature-dependent. G; and G are of the same order 
of magnitude and decrease with increase in molecular weight. 


* Supported by ONR and Office of The Quartermaster General. 
1J. D. Ferry, J. Am. Chem. Soc. Ay 1334 (1942). 


G9. Relation of Tensile Strength to Brittle Point in Plas- 
ticized Polymers. R. F. Boyer, The Dow Chemical Company. 
—Several current theories concerning the efficiency of plasti- 
cizer action predict a brittle point lowering proportional to 
the ratio w,/M,, where w is the weight fraction of plasticizer 
of molecular weight M,. The constant of proportionality is 
presumably a property of the base plastic. The tensile strength 
also decreases linearly with the same ratio, and again the pro- 
portionality constant should depend only on the base polymer. 
Hence, one would expect a linear relation between tensile 
strength and brittle point which should be relatively inde- 


pendent of molecular weight and plasticizer type. Actual data 
on plasticized polyvinyl chloride confirms roughly this linear 
relationship. However, the lines for different plasticizers are 
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shifted quite markedly along the brittle point scale. This 
behavior suggests in a different way the probable importance 
of plasticizer diffusion rate in brittle point lowering. 


Business Session of the Division of High-Polymer Physics 
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H1. Crystallization Phenomena in Metals. J. H. HoLLoMon, General Electric Company. (45 min.) 


H2. Crystallization Phenomena in Ionic Materials. LEroy ScuuLtz, University of Chicago. (45 


min.) 


Health. (45 min.) 


H3. Crystallization Phenomena in Organic Materials. R. W. G. Wyckorr, National Institutes of 


Il. The Design and Construction of a Spherical Electro- 
static Analyzer.* D. S. Craic, C. P. BRowNe, AND R. M. 
WILLIAMSON, University of Wisconsin.—A spherical electro- 
static analyzer has been constructed for use with the Wis- 
consin cylindrical analyzer' for accurate measurements of Q 
values. The focusing properties of such an instrument have 
been described by Purcell.? This instrument permits the use 
of a large solid angle, approximately 4.4 10-* steradian for 
a target 1 mm in diameter, while at the same time having a 
high resolving power. The calculated resolution is 1000 for 
1-mm object and image apertures. The plates, constructed of 
meehanite cast iron, are only a portion of an entire sphere, 
being 90° of the sphere along the path of the particles and 
having a 60° aperture. The mean radius of the plates is 45.95 
cm—the gap 0.48 cm. The analyzer has been designed to fit 
over the cylindrical analyzer and to accept particles at an 
angle of 135° from the bombarding beam. The voltage between 
the plates required to focus a singly charged particle of energy 
E is E/47.86 volts. 


* Work supported by the AEC and Wisconsin Alumni Research Founda- 


1 Warren, Powell, and Herb, Rev. Sci. Inst. 18, 559 (1946). 
2E. M. Purcell, Phys. Rev. 54, 818 (1938). 


I2. Measurements and Resolution Tests of a Spherical 
Electrostatic Analyzer.* C. P. Browne, D. S. Craic, R. M. 
WILLIAMSON, AND D. J. DonAnuE, University of Wisconsin.— 
Dimensional measurements and operational tests have been 
made on the spherical analyzer described in the preceding 
paper. The figure of the plates has been determined and the 
spherical gap mapped. The assembled analyzer has been tested 
for alignment, focus, and resolution using elastically scattered 
protons of 0.5- to 1-Mev energy. Monoergic protons scattered 
from thin targets are focused by the analyzer. A plot of the 
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number of particles entering the detector vs. the voltage 
across the spherical gap gives the resolution. A shutter allows 
small sectors of the total gap to be tested individually. A 
sharp focus is obtained and all sectors focus particles of the 
same energy for a given gap voltage. Preliminary results in- 
dicate a resolution of 500 with 1-mm object and image 
apertures. 


* Work supported by the AEC and Wisconsin Alumni Research Founda- 
tion. 


I3. Energy and Phase Distributions of Emitted Electrons 
for a Linear Accelerator Constructed of Constant Wave Speed 
Sections. JaMEs SwIHART AND EDWARD AKELEY, Purdue 
University.—The new proposed Purdue accelerator is to be 
made in three sections with 6=0.7, 0.96, and 1.0. Curves 
giving energy and phase as functions of initial phase and dis- 
tance along the guide for constant initial energy of 50 kev 
had been computed* for the first two sections. The case of 
8 =1.0, where the solution is expressable in terms of elementary 
functions for particles moving on the axis, has now been con- 
sidered. The curves, which had already been computed* for 
the first two sections, have now been extended through the 
third section, making it possible to obtain the final phase and 
energy distribution in the accelerator in term of the distribu- 
tion of the entering electrons. The energy distribution, at the 
end of two meters of the third section for a uniform initial 
phase distribution, shows 33 percent of the particles from 
3.08 Mev to 7.13 Mev, and 18 percent from 7.03 Mev to 7.13 
Mev; 7.13 Mev was the maximum energy at this point in the 
tube. Graphs will be shown of the energy-distance, phase- 
distance, and energy and phase distribution curves. 

* The axial motion of an electron in a constant wave velocity section of 


a linear accelerator. David Caplan and Edward Akeley, Paper D3, Mexico 
City meeting. 
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I4. Electron Loading in Ion Accelerating Tubes. I.* C. M. 
TurRNER, Brookhaven National Laboratory.—A new, or at 
least newly recognized phenomenon has been encountered in 
ion accelerating tubes having internal diameters larger than 
normally used heretofore. This phenomenon is that of “‘elec- 
tron loading’’ or back electron current appearing under suit- 
able conditions of voltage and vacuum, and has been a source 
of difficulty in tubes built for both of the Brookhaven electro- 
static accelerators. The outstanding characteristics of this 
phenomenon are the following. (a) It sets in at a definite volt- 
age threshold as evidenced by the sudden appearance of x-rays 
and increased current drain. (b) It increases approximately 
as the sixth power of the voltage and hence acts as an effective 
voltage limiter. (c) The threshold is found to be sharply de- 
pendent on tube pressure, increasing with increasing tube 
pressure. (d) He, He, No, and A affect the threshold in approxi- 
mate proportion to the mass of gas present. Numerous tests 
suggest that the electrons in question are emitted from regions 
at the cathode end of the tube where field lines from the tube 
terminate. A possible mechanism to account for this emission 
is discussed in the following paper. 


* Work performed under the auspices of the AEC. 


Is. Electron Loading in Ion Accelerating Tubes. II.* Joun 
P. BLEwett, Brookhaven National Laboratory.—The experi- 
ments described by Dr. Turner in the preceeding paper in- 
dicate that the spurious electron emission observed in positive 
ion accelerating tubes is a surface effect and is associated with 
surface layers of reasonably volatile materials, probably pump 
oils or other organic vapors. These phenomena have been 
reproduced in a parallel plane diode whose electrodes were 
about one millimeter apart. The electron currents appeared 
in the range between 2 and 30 kilovolts, so that the fields were 
of the order of tens of kilovolts per centimeter. Fields of this 
order appear at the electrodes of conventional Van de Graaff 
accelerating tubes. The electron current varied about as the 
sixth power of the voltage just as in the case of the current 
observed at high voltages. The effect depends on field, not 
total voltage; it is relatively independent of temperature 
around room temperature; and it is strongly affected by sur- 
face contaminations. Arguments will be presented to show that 
this effect is identical with the Malter effect. 


* Work performed under the auspices of the AEC. 


16. Properties of the Ranger. Davip L. HILL, Vanderbilt 
University.—I shall describe the Ranger, developed in 1944— 
45 at the Argonne National Laboratory to measure distribu- 
tions-in-range of heavy particles released in nuclear reactions. 
Four pillbox-shaped proportional grid-counters, operating 
usually under 0.05 atmosphere of CO:, and connected to a 
coincidence-anticoincidence network, detect, with resolutions 
limited only by straggling, particles with ranges in NTP air 
between 0.15 and 200 centimeters (0.15 to 200 cm). A remote 
control mechanism within the gas-tight envelope common to 
the counters and the source plate (which may, e.g., rest in a 
neutron or gamma-ray beam fired from a chain reactor) per- 
mitted the variation by steps as small as 0.03 cm. of absorbers 
both between the source and the first counter and between 
the first and second counters without disturbing the common 
gas mixture or altering the source-counter geometry, and with- 
out radiological hazard. We have successfully applied the 
Ranger to the measurement of several neutron, proton, and 
alpha-particle spectra. The gated electronic channels for the 
counter signals are adjusted to determine the maximum and 
minimum pulses passed. Thus the instrument selects protons 
or alpha-particles or other ions by counting only those charged 
particles producing a chosen specific ionization at a given dis- 
tance from the end of their range. 


17. Regenerative Deflector for Synchrocyclotron.* J. L. 
Tuck anv L. C. TENG, The University of Chicago.—The de- 
flection of a synchrocyclotron beam can be obtained through 
the increasing radial oscillation induced by repeated passage 
through a locally increased magnetic field at one point on the 
stable orbit and a similarly reduced field at another. The azi- 
muthal separation between these two perturbations is made 
about 90°. Graphical plotting shows that by suitably shaping 
the field perturbations, the separation between consecutive 
orbits can reach about 1.5” after ~25 revolutions for a 450 
Mev proton beam at 76” stable radius, while at the same time, 
the growth of the vertical oscillation can be suppressed. This 
is sufficient for the beam to clear the mouth of a magnetic 
shielding channel. It is found also that after ~10 passages 
through the perturbations, all the protons are forced into the 
same phase of radial oscillation. This gives the expectation of 
a high efficiency. The deflected proton pulses are of extended 
duration. 


* Supported by the joint program of the ONR and AEC. 


I8. A Recording Radiofrequency Spectrometer for Nuclear 
Quadrupole Studies.* N. A. ScHusTER AND G. E. Pake, 
Washington University.—A recording r-f spectrometer, similar 
in function to that of Pound,' has been constructed for study- 
ing electric quadrupole splittings of nuclear resonances. The 
circuit consists of an r-f oscillator, untuned r-f amplifier, de- 
tector, audio amplifier, and a simplified phase-sensitive de- 
tector of a design which minimizes the effect on balance of 
tube characteristics, reference-voltage amplitude, and audio- 
voltage amplitude. The apparatus is used with a permanent 
magnet which provides a constant field of 7300 gauss. A well- 
resolved quadrupole splitting of the Li? resonance has been 
obtained from a single crystal of LiAl(SiO;)2 (Spodumene). 
Although the resonance of Li® (7.3 percent natural abundance) 
has been obtained from the same crystal, the quadrupole 
doublet is not well resolved. On the basis of analysis of the 
width of the unresolved Li® resonance, a tentative value for 
the magnitude of the ratio Q(Li*) /Q(Li’) will be given. 


* * Assisted by the joint program of oo ONR and AEC. 
R. V. Pound, Phys. Rev. 79, 685 (1950). 


19. Magnetic Shielding of H' and F* Nuclei in Molecules.* 
H. S. Gutowsky, C. J. HOFFMAN, AND R. E. McC.ure, Uni- 
versity of Illinois.—It has been suggested! that the magnetic 
shielding of a given nucleus chemically bound to other atoms 
in various simple covalent compounds depends systematically 
on the position in the periodic system of the other atoms. Nu- 
clear magnetic resonance measurements have been made of the 
magnetic shielding of the H' nucleus in most of the covalent hy- 
drogen compounds of types CHy, NH3, H.O, HF, and He, and 
also for the F!* nucleus in similar fluorine compounds. The range 
in magnetic shielding observed thus far for the proton resonance 
is 0.11 gauss; anhydrous HF and HI are at the limits with the 
latter exhibiting the largest shielding. In the case of the fluorine 
resonance, the range is 3.7 gauss with limits at F; and SF; SF¢ 
has the largest shielding. The total field for these measure- 
ments was about 6375 gauss. The results confirm the perio- 
dicity of the shielding; in a given period the shielding de- 
creases with Z, while in a given group the shielding increases 
with Z. As the covalent radii follow the same trends, the mag- 
netic shielding may be related directly to the covalent radii. 


* ag gt in part by the ONR. 
1H. S. Gutowsky and C. J. Hoffman, Phys. Rev. 80, 110 (1950). 


I10. Nuclear Magnetic Resonance of Protons Absorbed 
Into Metallic Palladium.* R. E. Norserc, University of 
Illinois.—The nuclear magnetic resonance absorption signal 
has been observed at 30 mc/sec. for mobile protons loaded 
into palladium wire by means of a glow discharge. The signal 
is due to those protons included in the skin depth and is ob- 
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served by the use of a bridge technique with the wire used 
either as the sample coil or as the termination of a quarter 
wave-length coaxial line. The coaxial line signal is comparable 
to that obtainable with the coil. If the tip of the line is im- 
mersed in water, a strong liquid resonance is observed. A nar- 
row hydrogen-palladium line width (~ 75 gauss) is observed,' 
which broadens with increasing concentration and with de- 
creasing temperature. The relaxation time, as determined by 
saturation measurements, is several seconds and -is apparently 
due to the conduction electrons. The resonant frequency is 
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shifted with respect to that for water. At low loads the shift 
is due primarily to the bulk paramagnetism of the palladium 
and is a function of the orientation of the sample in the field. 
At high loads and negligible Pd susceptibility, a small para- 
magnetic shift is probably due to the conduction electrons.? 
The results will be discussed with respect to possible struc- 
tures of the H-Pd system. 


* This work has been supported in part by the ONR. 
1M. A. Garstens, Phys. Rev. 79, 397 (1950). 


2W. D. Knight, Phys. Rev. 76, 1259 (1949). 


Jl. Interference Effects in Gamma-Gamma Polarization 
Correlation. M. Fucus anp E. S. LENNox, University of 
Michigan.—Ling and Falkoff' have suggested that the ex- 
perimental angular correlation? of Sr** can be fitted by a 
mixture of magnetic dipole and electric quadrupole for one 
transition and a pure magnetic dipole for the other. They 
show that the relative phase 6 for M.D. and E.Q. ranges from 
0° to 58° and with each phase there are two choices for |8/a|, 
the relative amplitude of E.Q. to M.D. in the mixed transition. 
We investigate the question of whether one could sharpen the 
choice of 6 and |8/a| by the usual polarization correlation ex- 
periment in which either quantum of the cascade goes to the 
polarization sensitive detector. We find: (a) (Hamilton's 
notation) depends upon , the relative efficiency for counting 
when the pure or mixed quantum goes to the polarization 
detector. (b) For the case of Sr** where »~1, one might de- 
termine 6 and |8/a| within narrow limits if J9/J, is large. 
If I9/I,~1, we can narrow the choice of |8/a|, but 5 remains 
undetermined. 


1D. S. Ling and D. L. Falkoff, Phys. Rev. 76, 1639 (1949). 
2E.L. Brady and M. Deutsch, Phys. Rev. 72, 870 (1947); 74, 1541 (1948). 


J2. Level Densities in Light Nuclei. C. L. CritcHFriELp 
AND S. OLEKSA, University of Minnesota.—The theory of the 
density of energy levels was investigated originally from a 
statistical point of view by Bethe.' Subsequently, many au- 
thors have continued the investigation; and, in particular, 
Bardeen has taken the effect of exchange forces into considera- 
tion for heavy nuclei. For lighter nuclei the statistical ap- 
proach is questionable ; and more explicit methods of counting 
levels have been applied for medium weight nuclei (A <60) 
assuming constant spacing of single particle kinetic energies, 
and for very light nuclei (A=16). Most of our precise experi- 
mental data, however, lie in the region 16A =40. In order to 
determine the regions of validity of the statistical method in 
the latter range we have made an explicit determination of the 
levels in the independent particle model of Neon® with a 
ground state of s‘p"d‘. Principal contributions to excitation 
were considered to be the differences in kinetic energy (calcu- 
lated for finite potential well) and the effect of the symmetry 
of the wave function on the potential energy. In counting 
the levels, however, we allowed only the degeneracy of total 
angular momentum. The relation between our results and 
statistical calculations will be presented. 


1 Bethe, Rev. Mod. Phys. 9, 82 (1937). 


J3. Graphs of Internal Conversion Theory.* PETER AXEL 
AND R. F. Goopricu, University of Illinois.—The purpose of 
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this paper is to show and explain the essential features of a 
series of graphs on internal conversion coefficients. The graphs 
will be circularized as a Navy Report. The data are not new, 
but the presentation illustrates some features of the theory of 
particular interest to the experimentalist. For example, it is 
apparent that the theory can be tested most easily in the low 
Z region, since, despite possible mixtures, there are large 
regions of K conversion coefficients which are not admissable 
according to theory. On the other hand, mixtures can be 
studied in the high Z region. Graphs are presented which 
attempt to extend the exact values for K conversion coeffi- 
cients to lower energy by extrapolation using approximate 
calculations as a guide. The partial validity of the approximate 
theory of electric conversion at low energy is illustrated 
graphically. At 150 kev the maximum error is 58 percent for 
Z =30 and /=5; it is less for lower / and higher Z. Graphs are 
also presented of the electric K to L ratio at several Z values. 


* This work was sponsored under a joint ONR-AEC contract. 


jJ4. High Energy Bremsstrahlung and Pair Production. 
G. PARSEN, University of Chicago.—Calculations of the cross 
section for high energy bremsstrahlung have been carried out 
without the use of the Born approximation, but by reducing 
the problem to the calculation of the exact elastic scattering 
of electrons and positrons. That this procedure may be pos- 
sible is suggested by the usual perturbation calculation, in 
which bremsstrahlung is pictured as a two-step process, one 
of which is the scattering of the electron by the nucleus. In 
the elastic scattering of electrons, the BA (Born approxima- 
tion) has been found to be considerably in error for heavy 
elements. Correspondingly large deviations should be expected 
and were found at the larger angles in the angular distribu- 
tion of the bremsstrahlung. However, at the smaller angles 
where most of the bremsstrahlung is concentrated, the BA 
leads to little error, so that the BA should give the integrated 
cross section correctly at sufficiently high energies. It was 
estimated that the error in the integrated cross section is at 
most of the order of about (m/E), where E is the incident 
energy of the electron. Screening effects were neglected, but 
it is felt that the inclusion of screening would not affect this 
result very much. Similar considerations were carried through 
for pair production. 


J5. On the Theory of Forbidden §-Transitions. R. H. 
Goon, JR. AND G. E. UHLENBECK, University of Michigan.— 
By using the WKB approximation for the relativistic radial 
wave functions, the following problems regarding the shape 
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of forbidden 8-spectra were investigated: (I) The validity of 
Fermi’s cut-off method for the radial wave functions. A nu- 
clear model with uniform surface charge was considered, and 
the wave functions evaluated strictly at the origin. Although 
in some terms of the formulas for the forbidden spectra the 
change compared to the usual formulas is appreciable, the 
over-all effect on the shape is usually minor. (II) The effect 
of the screening of the atomic electron cloud on the shape of 
forbidden 8-spectra. It turns out that the effect of screening is 
inappreciable for the correction factors, and the only change 
needed in the formulas for the shape is a modified F(Z, W) as 
has been discussed earlier for allowed transitions. 


J6. Consequences in H? of the H*, He* Moment Anomaly. 
NORMAN AUSTERN, University of Wisconsin.—lf the three- 
body magnetic moment anomaly is assumed to be a two- 
nucleon ‘interaction moment,” the associated operator can 
be established without reference to its origin, a detailed theory 
of the nuclear interaction mechanism being avoided. Of those 
operators with the correct transformation properties under 
rotations and reflections of coordinates and under interchange 
of nucleons, only that one is retained which contributes to 
the H*, He? moments in the pure symmetric 2S state and does 
not contribute to the deuteron moment: 


AM = (ta — 78) P( | Ta — 


As AM is correlated in some way with the interaction mecha- 
nism the unknown function, ® must be short range. The opera- 
tor AM can be used to compute the corresponding effects for 
other nuclear systems: both changes in static moments and 
in magnetic dipole transition probabilities. A 4-percent in- 
crease is found for the theoretical NP (magnetic dipole) cap- 
ture cross section, which offers a cleancut test for AM. This 
prediction is nearly independent of the shape of # if the shape 
is not unreasonable. 


J7. Some General Angular Correlation Formulas. STuART 
P. LLoyp, University of Illinois.—It is shown that the angular 
correlation function of two successive particles emitted by a 
nucleus can be found explicitly as a function of the angular 
momenta of the three nuclear levels and the multipole orders 
of the two radiations, using the function W(abcd; ef) intro- 
duced by Racah! to describe a certain sum of products of 
vector-addition model coefficients. The essence of the method 
is the use of the invariance property of the correlation under 
rotations of the coordinate system used to describe the par- 
ticles. The W(abcd;ef) involved are fairly simple in the 
physically interesting cases where the multipole order is the 
lowest or next lowest allowed. The author has obtained the 
Y—y, y-conversion electron and conversion electron-conver- 
sion electron angular correlation functions in these cases 
(including the polarization-polarization and magnetic 2!- 
electric 2'*! interference terms) in a form suitable for nu- 
merical calculation, for arbitrary multipole orders of the 
emitted particles. The method is general and covers all cases 
in which two successive particles are emitted (the second 
quickly) by a system which is initially randomly oriented. The 
extention to correlations in §-decay is straightforward. 


1 Giulio Racah, Phys. Rev. 62, 438 (1942). 


J8. Excitation and Disintegration of Nuclei by the Coulomb 
Field of Positive Particles.* CHARLES J. MULLIN AND EUGENE 
GutuH, University of Notre Dame.—General formulas for the 
cross section for the 2-pole excitation (or disintegration) of a 
nucleus by the electric field of a non-relativistic positively 
charged projectile have been obtained by using the Born 
approximation; the finite size of the nucleus has been taken 
into account. For electric dipole excitation a more accurate 
evaluation has been made in which the initial and final states 
of the charged projectile are described by the exact Coulomb 
field wave functions. The cross section for electric 2-pole ex- 


citation of a nucleus by the field of a charged projectile is 
proportional to the corresponding photo-excitation cross sec- 
tion; the proportionality factor may be interpreted as the 
number of virtual electric 2-pole quanta in the field of the 
charged projectile. In the electric dipole case, the cross section 
for the inelastic scattering of a charged projectile is shown to 
be proportional to the cross section for the production of con- 
tinuous x-rays by deflection of the projectile in a Coulomb 
field. Thus, a relation is established between the virtual quanta 
representing the Coulomb field of the projectile and the real 
quanta of the x-ray spectrum corresponding to the scattering 
process. 


* Supported in part by the ONR. 


J9. On the Canonical Constraints in Covariant Field 
Theories.* James L. ANDERSON, PETER G. BERGMANN, AND 
ROBERT PENFIELD,t Syracuse University.—In the canonical 
formulation of the field equations of a fully covariant field 
theory, it is necessary to prescribe a number of algebraic 
constraints between the canonical field variables which must 
be satisfied on a space-like hypersurface and which will then 
remain satisfied elsewhere by virtue of the canonical field 
equations. There are four primary constraints and at least 
four secondary constraints, defined as Poisson brackets be- 
tween the primary constraints and the Hamiltonian. The 
secondary constraints correspond to the second subsidiary 
condition in electrodynamics. In general, the primary con- 
straints are not by themselves separated momentum densities, 
as the first subsidiary condition is in electrodynamics. But we 
have been able to prove that such a separation can always be 
effected with the help of an appropriately chosen canonical 
transformation. We shall show the construction of the gen- 
erating functional. The result of this separation is a consider- 
able simplification of the structure of the theory. We are con- 
tinuing the investigation of the secondary constraints. 


* Supported by ONR. 
t+ Now at Harpur College. 


Ji0. Covariant “Photon-Vacuum.” F. J. BELINFANTE, 
Purdue University—Let denote Heisenberg representation 
(with state vector ) and let % denote interaction representa- 
tion (with ¥[o ]). It was pointed out earlier that the “‘photon- 
vacuum” condition or is 
not rigorously covariant with 0,“A*(x)@=0. These conditions 
lead to an electronic “kinetic self-energy,""' and to a Rydberg 
constant contrary to experimental results.? It is now sug- 
gested that the rigorously covariant condition “@, ‘+*(x)@=0 
(with 0,°A*(x)@=0) be used instead. Since (neglecting in- 
tegrals at infinity) we may put “A =4A —4A,, the new con- 
dition means equality of the “field of photons”’ (in the sense 
of Heisenberg representation) to the retarded field: it means 
absence of ‘‘photons without source.”’ Instead of being simply 
a “‘photon-vacuum” condition, this condition may well be 
valid for all states, even more fundamentally than the Lorentz 
condition. Only when sources of incident photons are arbi- 
trarily “left out of consideration,” the new condition should 
be dropped, unless we want to exclude “incident photons.” 
The applicability of the new condition is being studied. 

1F. J. Belinfante, Phys. Rev. 79, 201A (1950). 


2F. J. Belinfante, Science 111, 711 (1950); R. T. Birge, Phys. Rev. 79, 
193, 1005 (1950). 


Jil. The Irreducible Volume Character of Events. B. T. 
DarLING, Mendenhall Laboratory of Physics, Ohio State Uni- 
versity.—It is proposed that the creation, continued existence, 
and annihilation of particles be considered as aspects of a 
material process, that this process—through which a trans- 
formation from non-particle (field) to particle occurs—is 
governed by the same structure, whether the transformation 
involves the creation of one or of several particles (of same or 
of different natures), or of their motion in continued existence. 
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It is assumed that this material process requires an irreducible 
volume in space-time. The mathematical formulation of the 
theory consists of a two-step correspondence type of general- 
ization of the wave equations (Dirac, Proca, etc.) which are 
first converted into self-adjoint difference equations (thereby 
introducing a fundamental length w) and then averaged over 
the four-dimensional rotation group. The resulting integro- 
difference equation in the Dirac case possesses a spectrum of 
masses among which are presumably the electron, proton, 
and y-meson (predicted mass 218.76 e.m.); and the funda- 
mental length w agrees with the classical diameter of the 
electron. All of the particles have the same magnitude of charge 
and are electrically stable. This stability and the non-existence 
of any particle between the electron and y-meson allows the 
conclusion that the u-meson must decay into an electron and 
two neutrinos. 


J12. The Values of the Fundamental Atomic Constants and 
Integral Relationships. Enos E. WitMER, University of Penn- 
sylvania.—If we assume that M,/m is 1836 and hc/e® is 
2837/11 exactly and use the best experimental values of 
h/e, Ro, c, and M, in mass units, we can calculate very ac- 
curate values of most of the other atomic constants. Following 
Bearden and Watts,! we take c as (2.997898+-0.000009) x 10'° 
cm/sec., h/e as (1.37928+0.00004) X10-"? erg sec. e.s.u.~, 
and M, as 1.0075835 m.u. This yields the following values of 
the more important atomic constants: F, 9652.36+0.28 e.m.u. 
equiv! (Phys.); e, (4.80198+0.00015)x10— e.s.u.; e’, 
(1.601782 +0.000046) e.m.u.; 4, (6.62327+0.00040) 
10-7 erg sec.; N, (6.02601+0.00035) x 10% (Phys.); m, 
(9.10706 +0.00053) X 10-28 gm; e’/m, (1.758835+0.000051) 
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X10? e.m.u. gram; 1/a, 137.04687. Also we take the mag- 
netic moment of the proton to be (1876/671)(1—a/2m)uy. 
These values are in excellent agreement with all experimental 
values. 

1J. A. Bearden and H. M. Watts, A Reevaluation of the Fundamental 


Atomic Constants (The Johns Hopkins University, Radiation Laboratory, 
July 31, 1950). 


J13. The Macroscopic Neutral Meson Field. WALTER W. 
Wapa, University of Michigan.—Taking the neutral vector 
meson field for consideration, an attempt is made to establish 
a macroscopic neutral vector meson field for nuclear matter 
corresponding to the macroscopic electromagnetic field in 
Maxwell theory by exploiting the analogy between the two 
fields. In the low energy region of nuclear force mesons (140 
Mev—300 Mev), where the deBroglie wave-length is long 
compared with the average inter-nucleonic distance in nuclear 
matter, it was possible to derive macroscopic neutral Proca 
field by the process of averaging similar to that employed by 
Lorents in deriving Maxwell equations from his microscopic 
electromagnetic equations. Following Bhabha’s treatment! of 
the classical equations of motion of a nucleon in an external 
neutral vector meson field, dispersion law has been obtained 
both in the vector and tensor coupling between the field and 
the nucleon. It is found that ¢ arising from the mesonic electric 
polarization moment in the vector coupling is practically 
unity, whereas u obtained from the mesonic magnetic polariza- 
tion moment in the tensor coupling could be considerably 
larger than unity in the region of meson energy considered 
owing to the existence of resonance in the scattering: formula. 


1H. J. Bhabha, Proc. Roy. Soc. London, A178, 314 (1941). 


K1. Proton Bremsstrahlung at 145 Mev.* JAMES ROUVINA 
AND RICHARD WILSON, University of Rochester —A 145-Mev 
proton beam was intercepted by a Be target. y-rays and neu- 
trons from the target were collimated in the cyclotron fringing 
field which removed charged particles. y-rays were detected 
by counting the pairs from a thin Pb materializer with a tele- 
scope of scintillation counters. Absorption of the primary 
radiation in Pb and Al showed a negligible number of neutron 
counts at 90° and 180° to the proton beam. Absorption of the 
secondary electrons in copper indicates that the spectrum of 
y-radiation has a maximum near 50 Mev. If we assume that 
the spectrum is of the form (4£o—v)!v"~*dv, corresponding to 
a nuclear potential varying as 1/r*,! we find n=3+1. The 
ratio of intensities at 90° to 180° is 2.8+0.7 after correction 
for the different spectra at the two angles. The total cross 
section is found to be 4X 10~*° cm? per nucleon within a factor 
of 2. 


* This work was supported by the AEC. 
1A, Simon, Phys. Rev. 79, 573, 1950. 


K2. Bremsstrahlung Cross Section of 61-Mev Electrons 
in Lead.* C. D. Curtis, University of Illinois.—Radiation 
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straggling was used to measure the absolute cross section and 
the shape of the high energy end of the bremsstrahlung spec- 
trum for electrons in lead. After scattering from the target of 
an 80-Mev betatron, electrons emerged through the “‘donut”’ 
wall. After collimation and magnetic analysis, the electron 
flux had a mean energy of 61 Mev and a half-intensity total 
spread of about 13 Mev. Energy loss occurred when the elec- 
trons passed perpendicular to a 3100-gauss magnetic field 
through 5- or 15-mil lead foils in a 9-in. cloud chamber. The 
photographed tracks were steroscopically analyzed. Only 
large energy losses were recorded. Partial analysis of the data 
to date show: 


Theory! Experiment 
hv/(Eo—mc?) X10% cm?/Mev hv/(Eo—mc?) X10% cm?/Mev 
0.975 0.3 0.95 —1.00 0.23 +0.05 
0.925 0.6 0.90 —0.95 0.60 +0.08 


Total observed cross sections for pair creation by electrons 
and electron-electron scattering are of the same order as 
theory. 


* Assisted by the joint program of ONR and AEC. 
1W. Heitler, The Quantum Theory of Radiation. 


= 


SESSION K 21 


K3. An Improved Calorimeter for Calibration of 320-Mev 
Bremsstrahlung.* E. L. PipER anp G. A. Price, University 
of Illinois Observations of photo-nuclear reactions with 
bremsstrahlung from the betatron and absolute measurements 
of corresponding cross sections have indicated the desirable- 
ness of an absolute measurement of bremsstrahlung intensity. 
A new calorimeter used in measuring the power of the x-ray 
beam was a thermopile consisting of two identical lead cylin- 
ders multiply connected with chromel-alumel wire. The evacu- 
ated system was placed in the beam in such a way that one 
of the cylinders intercepted all of the collimated beam while 
the other received no radiation. A parallel plate ionization 
chamber measured the bremsstrahlung ionizing power im- 
mediately behind 3” Pb. Preliminary tests with this chamber 
provide a second prescription for measuring bremsstrahlung 
flux.! The chamber consisted of three parallel Al foils each 
0.016” thick with 4” diameter active area and 0.120” air gap 
separating them. At the ion chamber the diameter of the 
collimated x-ray beam was 3”. The center foil voltage was 
measured with a Victoreen model-70 electroscope. 

The x-ray energy flux is 0.0012 joules per e.s.u. of ionization 
per cm air path length. 


* Assisted by the Joint Research and Fellowship Program of the ONR 


and AEC. 
1D. W. Kerst and G. A. Price, Phys. Rev. 79, 725 (1950). 


K4. Z Dependence and Angular Distribution of Bremsstrahl- 
ung from 17-Mev Electrons.* L. H. LANzL anp A. O. HANson, 
University of Illinois—The cross section for bremsstrahlung 
production as a function of atomic number, Z, has been meas- 
ured using a 16.93-Mev focused electron beam from a 22-Mev 
betatron. The incident electrons impinged on thin targets of 
Z=4, 13. 29, 47, 79, which had the same N(Z?+Z). The 
x-ray beam thus produced was cleared of electrons by means 
of a magnet. Two detectors were used to measure the radia- 
tion. Using the radioactivity induced in Cu® [(y, ), threshold 
10.9 Mev ], which measures the upper end of the x-ray spec- 
trum where screening is negligible, the cross section was found 
to vary as (Z?+Z), within the experimental error of about 2 
percent. Using a thick-walled aluminum ion chamber, which 
detects low as well as high energy quanta, the x-ray yield 
from the targets was found to decrease with Z, Be giving a 
yield 1.4 times that from Au. The angular distribution of 
radiation intensity was measured with a small ion chamber for 
Au targets of various thicknesses. Experimental measurements 
gave angles of half-intensity slightly less than those predicted 
by Schiff's theory. The central radiation intensity, as a func- 
tion of Au thickness, shows a maximum at 0.035 inch. 


* Assisted by the joint program of the ONR and AEC. 


K5. Nuclear Radii from Electron Scattering Measure- 
ments.* A. O. Hanson, E. M. LyMAn, AND M. B. Scort, 
University of Illinois —The measurements on the elastic scat- 
tering of 15.7-Mev electrons, reported at an earlier meeting, 
have been repeated and are now estimated to be accurate to 
about 5 percent. These measurements give cross sections for 
light nuclei at 30 degrees, which are about 5 percent higher 
than those calculated including the radiative correction.! The 
difference may not be significant, since it is just within the ex- 
perimental error. The scattering from the heavier elements at 
large angles was compared with the scattering by a uniform 
nuclear charge distribution of finite size as calculated by Elton? 
and Acheson.’ The scattering from silver and gold is reduced 
to 0.7 and 0.5 of that for a point charge which corresponds to 
nuclear radii of about 0.75 and 0.62 of those found from neu- 
tron measurements. These small radii for the nuclear charge 
densities may indicate that nuclei are built up of dense central 
cores surrounded by less dense outer regions and may be useful 
in understanding the success of the shell model of the nucleus. 


* Assisted by the joint program of the ONR and AEC. 
1J. Schwinger, Phys. Rev. 76, 790 (1949). 
2L. R. B. Elton, Phys. Rev. 79, 412 (1950). 


K6. Electron-Electron Scattering at 15.7 Mev.* M. B. 
Scott, A. O. HANson, AND E. M. Lyman, University of Illi- 
nois.—The angular distribution and momentum of 15.7-Mev 
electrons scattered by atomic electrons was investigated at 
eight angles between 10° and 43° in the laboratory system 
(70° to 150° in the center-of-mass system). Electrons from the 
22-Mev betatron were focused by a magnetic lens on 1- and 
2-mil nylon scattering foils. The scattered electrons were 
defined by a gold-lined aperture and detected by a Geiger 
counter. The electrons scattered from electrons were separated 
from electrons elastically scattered from nuclei by a Nier 
type 75° magnetic analyzer, since the energies involved are 
quite distinct. Preliminary analysis of the data indicates good 
agreement with the theory of Mller! as to angular distribu- 
tion and energy of the scattered electrons. 


* Assisted by the joint program of the ONR and AEC. 
1C, Mgller, Ann. d. Phys. 406-14, 531 (1932). 


K7. Measurement of Multiple Scattering of 15.7-Mev 
Electrons.* E. M. Lyman, A. O. Hanson, L. H. LANzL, AND 
M. B. Scott, University of Illinois.—The angular distribution 
of multiply scattered 15.7-Mev electrons has been measured 
for Be and Au foils. The experimental equipment is the same 
as that used in the electron-electron scattering measurements 
by Scott, Hanson, and Lyman. The scattered beam was de- 
fined by a #y"’ diameter hole 10” from the scattering foil and 
detected by an air ionization chamber. The distributions have 
1/e widths of 2.58° and 3.76° for Au foils of 18.66 and 37.28 
mg/cm?, and 3.06° and 4.25° for Be foils of 257 and 491 
mg/cm*. These values are at least 10 percent narrower than 
calculated by Snyder and Scott! is we replace Z? in their 
theory by Z?+Z, except where Z applies to shielding. In 
another experiment using x-ray film as a detector, the widths 
of the film density distributions were slightly narrower than 
those given above. The scattering by the Aufoils was also 
measured from 6° to 30°, which is the region of single scatter- 
ing increased slightly by multiple scattering. The ratio of the 
scattering from the thick foil to that of the thin foil was 
2+95/@ from 6=9° to 30°. 


* Assisted by the joint P ogram of ONR and AEC. 
1H. S. Snyder and W. T. Scott, Phys. Rev. 76, 220 (1949). 


Ks. A Cloud Chamber Study of Positron-Proton Colli- 
sions.* K. H. MORGANSTERN AND H. P. Hotz, Washington 
University.—The large-angle scattering of positrons from 
hydrogen nuclei has been studied in order to obtain an ex- 
perimental comparison of the angular variation in cross sec- 
tion with the Rutherford distribution (modified for spin), 


esc*(0/2)[1 — (v*/c*) sin*(4/2) ] 


in the case of positrons. A 10-millicurie Na*® source was used 
to provide the positrons, which were rendered monoenergetic 
and collimated by means of a wedge-shaped magnetic field and 
slit system. The beam of positrons, which entered the cloud 
chamber through a half-mil polyethylene window, was pulsed 
to coincide with the expansions of the chamber. The cloud 
chamber was filled with a hydrogen-alcohol mixture at a 
gauge pressure of 10 pounds per square inch. Results will be 
reported for positrons of two energies, 200 kev and 450 kev; 
preliminary results at the lower energy show agreement with 
the Rutherford law. 


* Assisted by the joint program of the ONR and AEC. 


K9. Scattering of Protons by Tritium.* R. S. CLAAssEN, 
G. D. FREIER, AND W. R. StRArtTon, University of Minnesota. 
—The differential cross section for the scattering of protons 
from tritium has been measured in the energy range 2.5 to 
3.5 Mev and the angular range 41.8° to 163° in the laboratory 
system. Protons accelerated by the Minnesota electrostatic 
generator were scattered and counted in a small volume 


22 SESSION 


(about 1 standard cc of gas) non-planar scattering chamber 
with an angular range of 17° to 163°. The center-of-mass dif- 
ferential cross section considered as a function of scattering 
angle shows a broad minimum at 100° in the above energy 
range. These measurements are in reasonable agreement with 
those of Hemmendinger, ef al.' in the region of overlapping 
energy. The small volume chamber designed to utilize small 
quantities of rare gases as target nuclei in scattering and dis- 
integration angular distribution experiments will be described. 


* This work was supported in by the ONR. 
1 Hemmendinger, J and Taschek, Phys. Rev. 76, 1137 (1949). 


K10. On the Low States of He® and Li’. Ropert K. Aparr, 
University of Wisconsin.—An analysis of the experimental 
material on the scattering of protons’? and neutrons*® by 
alpha-particles indicates that the low states of He® and Li® 
consist of an inverted P!— P# doublet with a splitting of the 
order of 3 Mev. The phase shifts can be fitted with single 
level dispersion formulas: 


Fi(a) 
6;,,;=tan R Gila)’ 


where F; and G; are the regular and irregular particle wave 
functions. Both the Li5 and the He® data were best fitted by 
using the same value for a, the reaction radius, and for y?, the 
reduced width, consistent with the assumption of charge inde- 
pendent interaction. An E, of 2.65-Mev proton bombarding 
energy was obtained for the ground state of Li’, while the 
lowest level of He® occurred at 1.3-Mev neutron energy. The 
P+ levels seemed to lie 3 or 4 Mev higher. So large a splitting 
may be evidence for the importance of velocity dependent 
forces. 
1 Freier, Lampi, Sleator, and Williams, Phys. Rev. 75, 1345 (1949). 


2C, L. Critchfield and D. C. Dodder, Phys. Rev. 76, 602 (1949). 
+ Bashkin, Petree, and Mooring, unpublished. 


—tan™ 
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Invited Paper 
K13. Scattering of 16-Mev Electrons. E. M. Lyman, University of Illinois. (25 min.) 


K11. Elastically Scattered Protons from Carbon.* GERSON 
GoL_pHABER,t R. M. Wi iiamson, H. L. Jackson,t AND 
M. J. W. LAUBENSTEIN, University of Wisconsin.—Excited 
levels in N" were investigated by observing the yield, at an 
angle of 164°, of protons elastically scattered from carbon. 
Bombarding energies from 0.3 Mev to 4.0 Mev were observed. 
A 90° magnetic analyzer was used to separate proton groups 
from carbon and the nickel backing. Only two resonances at 
456-kev and 1.7-Mev proton energy, previously known!? 
from the C(p, y)N™ reaction, were found. The differential 
cross section for elastic scattering at the two peaks was 
0.54X10-** and 10-** cm?/steradian, respectively. Ab- 
solute cross sections were determined to +25 percent. Between 
the resonances, the yield maintains a level of 0.141075 
cm*/steradian which is well above Rutherford scattering. 
Following the second resonance region, a lower plateau of 
0.063 X 10-** cm?/steradian extends to about 3.5 Mev. 

* Work supported by the AEC and the Wisconsin Alumni Research 
Foundation. 

t+ Now at Columbia University, New York, New York. 

t Kimberly Clark Fellow. 


1W. A. Fowler and C. C. Lauritsen, Phys. Rev. 76, 314 (1949). 
2D. M. Van Patter, Phys. Rev. 76, 1264 (1949). 


K12. Stopping Power and Energy for Ion Production for 
340-Mev Protons.* C. J. BAKKER AND E. SEGRE. University 
of California, Berkeley—The relative mass stopping power 
for 300-Mev protons of H (in CHz2)z, Li, Be, C, Al, Fe, Cu, 
Ag, Sn, W, and Pb have been measured. They are in the ratios 
2.634; 1.062; 1.024; 1.124; 1.000; 0.906; 0.875; 0.789; 0.751; 
0.680 ; 0.660 ; 0.630. For heavier substances the Bethe stopping 
power formula fits with experiments assuming J/Z =9.2 ev. 
(I average ionization energy, Z atomic number.) We meas- 
ured also the energy spent per ion pair produced by 340-Mev 
protons. For the following gases it is, in ev per ion pair: Ho, 
35.3; He, 29.9; Ne, 33.6; Oo, 31.5; Ne, 28.6; A, 25.5; air, 33.3. 


* This work was performed under the auspices of the AEC. 


FRIDAY EVENING AT 7:00 
Ida Noyes Hall 
(I. I. Rast presiding) 


Banquet of the American Physical Society 


After-dinner speeches 


John Torrence Tate. K. K. Darrow, Bell Telephone Laboratories. 


(Title to be announced). N. F. Mort, University of Bristol. 


Ll. The Half-Life of Positrons in Metals.* S. DE BENE- 


DETTI AND H. J. RicutnGs, Carnegie Institute of Technology.— 
The annihilation of slow positrons in a metal occurs only by Thus the annihilation half-life should be longest in the alkali 


SATURDAY MorNING AT 10:00 
Eckhart 133 
(Cyrit S. SMITH presiding) 


Metals 


recombination with the conduction electrons because of the 
electrostatic repulsion between the positrons and the ions. 
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metals where the density of free electrons is small. If one 
neglects the electrostatic attraction between the free electron 
and the positron, the computed half-life in K is 6X107® sec 
If one considers the electrostatic effect but neglects the modu- 
lation of the wave functions due to the crystal lattice (Fermi 
gas of free electrons), the computed value is 3X 10~'° sec. for 
positrons at rest. The real half-life probably lies between these 
two limits. An experimental attempt to detect the difference 
in half-life of positrons absorbed in metallic K and Pb has 
been performed. The method consists in a delayed coincidence 
measurement of the shift in time between the entrance of a 
fast positron and the emergence of an annihilation y from the 
absorbers. Preliminary measurements indicate that the differ- 
ence is smaller than 10~° sec. We are presently improving our 
techniques with the hope of detecting a measurable effect. 


* This work was done under the joint auspices of the AEC-ONR. 


L2. Change in Electrical Resistivity of Pure Copper Single 
Crystals as a Function of Cold Work.* J. W. MICHENER AND 
J. S. KoewLer,t Carnegie Institute of Technology.—Single 
crystals of pure copper (99.999 percent Cu) were grown in the 
shape of standard cylindrical tensile specimens (0.18-in. 
diameter) by means of the Bridgman method in a vacuum 
furnace. Resistivities are measured at liquid hydrogen tem- 
peratures by passing a known current through the samples 
and measuring the voltage developed between two wires 
soldered to each sample. Data will be presented for four 
samples, a fifth is always measured but is not strained so that 
it serves as a reference standard in order to correct for small 
temperature differences. The samples are pulled in simple 
tension in increments of approximately 10 percent resolved 
shear strain. Strain is measured by using fiducial marks con- 
sisting of light scratches produced by a razor blade. Resolved 
shear stress and strain are determined using x-ray orientation 
data. Laue back reflection patterns are obtained after each 
increment in strain. Stress-strain curves will be presented as 
well as curves of resistivity versus resolved shear strain and 
elongation. 


* This work supported in part by contract with ONR. 
t Now at University of Illinois, Urbana, Illinois. 


L3. Line Widths for Cold Worked Metals.* CHarLes S. 
Barrett, University of Chicago AND MARJORIE A. BARRETT, 
De Pauw University.—Integral line widths were measured for 
filed powders of face-centered cubic metals using CuKa and 
a Geiger-counter spectrometer. Filings were prepared at dif- 
ferent temperatures and immediately quenched. The 200 Ka 
line widths in °@, after correction by subtracting integral 
widths of recrystallized filings, may be grouped thus: (a) 0.02— 
0.20 (b) 0.21-0.40 (c) 0.41-0.50 (d) 0.51-0.69. The grouping 
and filing temperatures (°C) were: (a) Al (‘‘2.S’’), 20°, —195°; 
Al alloy “24S-T,” 20°; Cu, 20°; Ag, 20°; Cu—2.9 percent Si, 
450°; (b) Cu, —195°; Cu—2.9 percent Si, 350°; Cu—8.5 
percent Zn, 20°; Cu—1.89 percent Si, 20°; (c) Cu—30 percent 
Zn, 20°; Ag—7 percent Sb, 20°; (d) Cu—2. 9 percent Si, 
—195°; Cu—4.2 percent Si, 20°; Ag—11 percent Sn, 20°. All 
samples known by oscillating crystal methods! to ‘have stack- 
ing faults are in (d); other in which faults were suspected are 
in (c) and those believed fault-free are in (a) or (b). Thus, 
faults cause significant widening in some cold-worked alloys, 
though this cause of widening has usually been ignored. 


* Work supported in part by ONR, U.S.N., at University of Chicago. 
1C. S. Barrett, Trans. A.I.M.E. 188, 123 (1950 ). 


L4. Stress-Strain Curves of Pure Copper Single Crystals 
as a Function of Temperature.* J. B. WACHTMAN, JR. AND 
J. S. KoEHLER,{ Carnegie Institute of Technology.—Single 
crystals of 99.999 percent copper were grown in pairs in the 
shape of standard cylindrical tensile specimens by the Bridge- 
man method in a vacuum furnace. The two members of each 
pair had the same orientation and the different pairs had 


different orientations. After a 20-hour vacuum anneal at 
1000°C the crystals were strained either at room temperature 
or in a boiling bath of liquid nitrogen. Strain was determined 
by measuring the separation of light scratches. All strain 
measurements were made at room temperature and it was 
assumed that the strain determined this way was equivalent 
to the true low temperature strain (i.e., that the thermal ex- 
pansion coefficient is indeper.dent of cold work). The rate of 
loading was constant. It was found that the stress-strain 
curve for identical crystals was, within the accuracy of meas- 
urement, the same at liquid nitrogen temperature as at room 
temperature. Data on crystals strained partly at low tempera- 
ture and partly at room temperature will be presented as well 
as stress-strain curves at constant temperatures. 


* This work supported in part by ONR contract. 
t+ Now at University of Illinois, Urbana, Illinois. 


LS. Internal Friction Arising from the Precipitation of Zinc 
in an Aluminum-Zine Alloy. A. S. Novick, University of 
Chicago.—Torsion experiments on an aluminum-zinc alloy 
(40 percent zinc) at frequencies of about one cycle per second 
show that precipitation may give rise to a very large internal 
friction. Specimens freshly quenched from a solution tempera- 
ture of 450°C show negligible damping at room temperature, 
but subsequent aging at an intermediate temperature results 
in increased internal friction depending upon the time and 
temperature of aging. The observed internal friction is a 
rapidly increasing function of the temperature of measure- 
ment and does not yield a peak. Values as high as Q-'=0.2 
have been observed ; this result is considerably larger than the 
height of the well-known grain boundary peak. In addition, 
the dynamic shear modulus has been observed to increase 
after aging by as much as 20 percent over the corresponding 
value in the quenched state. The observed effects seem to be 
independent of the grain size and the state of cold work of the 
specimen and are, therefore, attributed entirely to the pre- 
cipitation of zinc from solid solution. The manner by which 
relaxation may be produced by atomic movements at the 
surfaces of precipitate particles will be discussed. 


L6. Contribution from the Institute of Metals. C. ZENER, 
University of Chicago.—Arguments are presented for the thesis 
that the entropy of activation AS for self-diffusion will always 
be positive, and a method is given for estimating its order of 
magnitude. All experimental values of Do for self-diffusion are 
in accord with a positive AS. The same arguments are appli- 
cable to chemical diffusion provided such diffusion occurs 
homogeneously throughout the lattice. Nearly all the deter- 
mined values of Do for chemical diffusion, other than those 
obtained at this laboratory, require a negative AS. We con- 
clude that in such cases diffusion was not homogeneous, and 
that the larger Do values characteristic of a positive AS will 
be obtained when very small concentrations are used in large 
grain-sized specimens. 


L7. Precipitation of Carbon and Nitrogen in Cold-Worked 
Alpha-Iron. S. HARPER, University of Chicago.—The precipi- 
tation of carbon and nitrogen from supersaturated solution 
in cold-worked a-iron has been studied by means of internal 
friction measurements of the amount of solute in the material. 
The precipitation rate has been studied as a function of such 
variables as time, temperature, amount of cold work, and the 
degree of supersaturation. The results obtained indicate that 
the precipitate involved is not the normally appearing iron 
carbide or nitride phase but is a concentration of the solute 
atoms around dislocations in the iron. Quantitative agreement 
is found with a postulated dislocation model of this process,! 
the results permitting estimates of dislocation densities which 
are in accord with previous estimates. The temperature de- 
pendence of the precipitation is in accordance with an activa- 
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tion energy of 20,000 cal./mole in the case of carbon and 
17,200 cal./mole in the case of nitrogen, in agreement with 
published data for the activation energies of diffusion of these 
elements in body-centered cubic iron. 


1A. H. Cottrell and B. Bilby, Proc. Phys. Soc. (London) Series A, 62 
(1), 49 (1949). 


L8. Effect of Inclusions on Coercive Force of Iron. L. J. 
D1jKsTRA AND C. WERT.—A theoretical study is made of the 
contribution to the coercive force H, by non-magnetic inclu- 
sions distributed at random in a ferromagnetic matrix. The 
following effects which impede the movement of the domain 
walls are examined: (1) The surface tension effect, (2) the 
effect of internal magnetic poles. It is found that H. depends 
both on the volume fraction of inclusions and their state of 
dispersion. For a given volume fraction of inclusions the 
largest effect occurs for particles whose diameter is about the 
wall thickness 6. For this diameter the contribution to H, due 
to (1) is smaller than, but comparable to that due to (2). 
Measurements of H. have been made using a dispersion in 
iron of FesC in the shape of spheres, the diameter of which 
could be varied over the desired range. The maximum effect 
on H, is found for a particle size of about 1200A, indicating 
a value of 6 of about this magnitude. This is in agreement 
with the theoretical value. For this diameter the measured 
value of H, is found to agree well with the calculated value. 


L9. New Approximation Method for Treatment of Order- 
Disorder Transitions. HuBERtT M. JAMES AND LLoyp D. 
Fospick, Purdue University—The order-disorder problem of 
the square Ising array in two dimensions has been discussed 
by an extension of Bethe’s method. A 3 X3 section of this array 
is considered, and account is taken of (a) the tendency of 
interaction with external atoms to induce short-range order, 
as well as long-range order, in the outer sites of this section, 
and (b) the differing control of long-range order exerted by 
this interaction for non-equivalent sites in the outer shell. 
The theory thus involves three parameters instead of the one 
parameter of Bethe’s theory. This more careful treatment of 
short-range order greatly improves the accuracy of the method, 
which in an elementary manner yields results comparable to 
those of Kramers and Wannier, and much superior to those of 
other approximation methods. The predicted Curie point is 
some seven percent higher than the exact value. The short- 
range order is in good agreement with the exact results of 
Onsager for all temperatures, with maximum error around the 
Curie point. The theory predicts a specific heat varying like 
(T—T.)-+ as T approaches the Curie temperature T. from 
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below, whereas other approximation methods predict finite 
values; Onsager’s exact result varies as —log| T7—T-,|. 


L10. On the Mechanism of Heat Transfer from a Solid to 
a Gas. H. B. WAHLIN AND CHARLES D. HENDRICKS, JR., 
University of Wisconsin (Presented by Mr. HENDRICKS).— 
When a palladium filament is heated in hydrogen to a fixed 
temperature it is found that the energy input necessary to 
maintain the temperature is independent of the pressure down 
to a pressure of about 4 cm or less. If helium is substituted for 
the hydrogen the energy input increases with increasing pres- 
sure at least up to 20 cm which is about the limiting upper 
pressure which can be used without convection effects setting 
in. Nitrogen and air also show a similar pressure dependence. 
When nickel was substituted for palladium the same general 
effect was observed. This suggests that the heat loss is deter- 
mined by the condensed layer on the metal, and in the case of 
hydrogen a stable layer is established which is independent 
of the pressure above 4 cm. In helium, nitrogen, and air this 
is not the case. 


L11. Ferromagnetic Resonance Measurements on Stressed 
Thin Nickel Films. J. Ross MACDONALD,* Oxford University. 
—Previous measurements by Griffiths and Standley! on thin 
annealed nickel films at wave-lengths of 1.23 and 3.04 cm 
showed the possibility of considerable dependence of the Landé 
g-factor upon film thickness. Present measurements indicate 
these results were largely caused by thickness-dependent 
isotropic plane tension. Measurements were made at 1.25 cm 
on nickel films from 0.05 to 3 microns thick evaporated on 
mica. Resonance observations on both sides of the films 
showed the resonance magnetic field, Ho", could be as much 
as 900 oersteds larger on the film side first evaporated on mica 
and still attached to it than on the free side, for films thicker 
than 0.3 micron. When a modified resonance condition: 

4 
ho= gun 22) | 27,7} accounting for isotropic 
0 

plane stress, To, was used in conjunction with a 7» value 
calculated from differential contraction between nickel and 
mica on cooling after evaporation, g-values found for the two 
sides, with no stress correction applied to the free side, were 
both very nearly equal to the bulk-nickel g-value. Finally, 
peeling films free from the mica reduced the initial resonance 
field difference between the two sides to zero, eliminating the 
possibility that difference was partly due to magnetocrystal- 
line anisotropy and preferred crystalline orientation. 


* Rhodes Scholar; now at the Armour Research Foundation, Chicago, 


Illinois. 
1J. H. E. Griffiths, Oxford Conference on Microwave Spectroscopy, July, 
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SATURDAY MORNING AT 9:30 
Kent Theatre 
(J. D. Ferry presiding) 


Symposium of the Division of High-Polymer Physics 
Solidification and Crystallization in Polymers 


M1. Introductory Remarks on Polymerization. J. D. Ferry, University of Wisconsin. (20 min.) 


M2. Formation of Solids by Vitrification. J. R. VAN WAzER, Monsanto Chemical Company. (30 min.) 

M3. Experimental Methods for Determining the Extent of Crystallization in Polymers. |. Fan- 
KUCHEN AND H. Mark, Polytechnic Institute of Brooklyn. (40 min.) 

M4. Effect of Polycrystalline Texture on Properties of Crystalline Polymers: Role of Nucleation 


in the Crystallization Process. TURNER ALFREY, JR., Dow Chemical Company. (40 min.) 
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SATURDAY MORNING AT 9:30 
Mandel Hall 
(W. C. SHEPHERD presiding) 


Symposium of the Division of Electron Physics 


Nl. Principles Involved in the Performance and Design of Betatrons. D. W. Kerst, University 


of Illinois. (30 min.) 


N2. Electron Counting: A New Low-Current Measuring Technique. A. S. EISENSTEIN, University 


of Missouri. (30 min.) 


N3. Optical and Thermal Electronic Processes in Barium Oxide. R. L. Sproutt, Cornell Uni- 


versity. (30 min.) 


N4. Induced Conduction in Diamond. G. C. DANIELSON, Iowa State College. (30 min.) 


SATURDAY MORNING AT 10:00 


Rosenwald 2 


(MARCEL SCHEIN presiding) 


Artificial and Natural Mesons: Cosmic Rays 


Pl. Energy and Angular Distribution of «-Mesons Pro- 
duced by Gamma-Rays from the 340-Mev Synchrotron.* 
B. T. J. S. D. H. Friscu, I. L. LEBow, AND 
L. S. OssporNneE, Massachusetts Institute of Technology.— 
Targets of CH», CD2, and C were simultaneously exposed to 
gamma-rays from the synchrotron. Mesons are detected in 
Eastman NTB (200u-) emulsions, embedded in aluminum. 
Plates were placed at 45°, 90°, and 135° to the beam, two per 
angle, adjacent to each target. All mesons stopping in the 
emulsion are recorded. The meson energy is determined from 
the thickness of material traversed. Positive r-mesons undergo 
a-u-decay ; negatives produce stars (except for a known frac- 
tion).! The plates cover, in six energy intervals, the range 
28-70 Mev. Corrections are applied for the different solid 
angle subtended by each interval. 4-500 mesons are recorded 
per plate. The data from the C-target are used to obtain (by 
subtraction) the distributions from H and D. The carbon 
spectrum is flat over the energy interval covered. Negative to 
positive ratio shows slight increase with energy, with values 
in fair agreement with pseudoscalar theory. These results 
agree, in general, with latest published Berkeley data. 


* Assisted by the joint program of the AEC and ONR. 
1 Adelman and Jones, Phys. Rev. 75, 1468 (1949). 


P2. The Relative Yield of 20-Mev x*-Mesons from Seven 
Elements. DONALD CLARK, University of Rochester.—A pre- 
liminary measurement has been made of the relative yields of 
20-Mev x*-mesons from seven targets bombarded by the 240- 
Mev proton beam of the Rochester cyclotron. The mesons 
emitted at 150°+15° are focused by the magnetic shim of the 
cyclotron fringing field and detected outside of the cyloctron 
chamber by a telescope of four scintillation counters. The meson 
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trajectories are defined by a channel in a brass shield and the 
range by an adjustable absorber placed between the second 
and the third crystals. Counts correspond to mesons stopping 
in the third crystal, the first three crystals being in coincidence 
and the fourth in anticoincidence. 

Corrections are made for the background. The yield per 
nucleus is a smooth function of A. This work was supported 
by the joint program of the ONR and AEC. 


P3. Evidence for the Multiple Production of Mesons in a 
Single Nucleon-Nucleon Collision.* MARrcEL ScHEIN, J. J. 
LorpD, AND JOSEPH FAINBERG, University of Chicago.—Evi- 
dence has been obtained for the multiple production of mesons 
in a single nucleon-nucleon collision in a photographic emul- 
sion exposed to the cosmic radiation at an altitude of 95,000 
ft. The nuclear encounter in which the mesons were created 
was produced by a primary proton of 3X10" ev energy. 
Directly in line with the incident proton, 7 particles of mini- 
mum ionization were emitted in a central core with an angular 
divergence of 0.003 radian. In addition, 8 other minimum 
ionization particles were emitted in a wider diffuse cone of 
0.13 radian angular divergence. Most of the particles in the 
central core had energies in excess of 250 Bev, while those in 
the diffuse cone were of much lower energies as determined 
by small angle scattering measurements. Both the angular 
and the energy distribution of the emitted particles is in good 
agreement with the assumption that in the center-of-mass 
system the mesons are emitted in two distinct cones of angular 
width of about 30° forward and backward with reference to 
the direction of the primary proton. The average multiplicity 
of 15 agrees with the recent calculation by Fermi, and accord- 
ing to his prediction about one-half of the particles could be 
made up of nucleon-antinucleon pairs. 

* Assisted by the joint program of ONR and AEC. 


P4. Photons Emitted in the Capture of u--Mesons. E. P. 
Hincks, Chalk River Laboratory——G-M counters and coinci- 
dence circuits are used to detect photons with energies ~1-10 
Mev emitted when u~-mesons are stopped in various absorbers. 
The counter arrangement, which is surrounded by 3 in. lead, 
is, top to bottom: tray A; 90 g/cm? lead; tray B; meson ab- 
sorber; tray C; 10 g/cm? lead; tray D; 10 g/cm? lead; tray E. 


25 
A 
9.02 
12.00 
a 
Cu 63.6 15.9 
Ag 107.9 22.7 +0.5 
Ww 184.0 32.3 +1.0 
Pb 207.2 34.9 +0.8 
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A meson traversing A and B and stopping in the absorber with 
the emission of a photon that is detected by the lead-covered 
tray D (or E) gives the anticoincidence (ABD—C—E) (or 
(ABE—C—D)). With increasing thicknesses of lead absorber 
the rate (ABD—C-—E)+(ABE—C—D) shows a regular in- 
crease not associated with either the stopping or decay of 
positive mesons. No increase is observed with aluminum ab- 
sorbers. The effect is attributed to photons from the atomic 
and nuclear capture of negative mesons. From the observed 
rates the average total energy emitted in y-rays is estimated 
as about 9 Mev per negative meson stopped in lead. Results 
will be given for several elements. They are consistent with the 
observations of Chang,' and with the absence of high energy 
photons noted by Piccioni.? 


1W. Y. Chang, Rev. Mod. Phys. 21, 166 (1949); Proc. Echo Lake 
Symposium, Office of Naval Research, November, 1949, 
20, P Piccioni, Phys. Rev. 74, 1754 (1948). 


PS. Multiple Events Produced by High Energy Cosmic 
Rays in Liquid Hydrogen at 90,000 Feet.* MarceL SCHEIN 
AND M. VIDALE, University of Chicago.—A counter experi- 
ment has been carried out to study the production of mesons 
in high energy proton-proton collisions. The apparatus was 
flown from Chicago on September 6, 1950 with a General 
Mills balloon. It reached an altitude of 90,000 feet and floated 
at that height for 44 hours. A spherical metal Dewar flask 
30 cm in diameter was filled with liquid hydrogen which was 
obtained through the courtesy of Dr. Earl A. Long of the 
Institute for the Study of Metals of the University of Chicago. 
Above the hydrogen, four crossed trays of counters were 
mounted in order to determine accurately the direction of the 
particles incident upon the hydrogen. Below the Dewar flask 
extended trays of counters detected multiple events occurring 
in the hydrogen. The discharge of each individual counter was 
in coincidence with a fourfold master pulse and was registered 
separately on a moving photographic film. The results of this 
experiment will be discussed. 

* Assisted by the joint program of the ONR and AEC. 


P6. High Energy Cosmic-Ray Stars. FRank B. MCDoNALp, 
University of Minnesota.—A study has been made using nu- 
clear emulsions exposed at 18 grams residual atmosphere, 
geomagnetic latitude 55°N, of cosmic-ray stars with three or 
more shower particles (apparent emitted tracks with ionization 
ranging from minimum to 1.5 min.). It was found that most 
events of this type were induced by single or double charged 
particles assumed to be protons and alpha-particles but with 
some of the lower energy events being induced by neutral 
radiation. The ratio of proton/alpha-induced events is in 
agreement with the ratio of proton/alpha-primary flux as re- 
ported by various workers.'~* Zenith angle distribution of the 
initiating track has been obtained, and calculated mean free 
paths will be given. The approximate zenith angle distribution 
of the neutral star-inducing radiation has been obtained by 
assuming that the shower axis preserves the direction of the 
incident particle. The angular distribution of the minimum 
ionization tracks with respect to the shower axes has been 
measured, and comparisons with existing meson theories will 
be given. 
1 Breler, Lofgren, Ney, and Oppenbeiner, Phys. Rev. 74, 1818 (1948). 


2M. A. Pomerantz and F. L. Hereford, Phys. Rev. 76, 997 (1949). 
4 Bradt and Peters, Phys. Rev. 77, 54 (19 50). 


P7. Altitude and Latitude Variation of Star Production.* 
J. J. Lorp (Introduced by Marcet ScuHeEin), University of 
Chicago.—The variation with altitude of the rate of produc- 
tion of stars in photographic plates was measured from moun- 
tain elevations to 94,000 feet at geomagnetic latitude \ ~~54°N. 
The type of particle initiating each star was determined and 
showed that the total flux of star producing protons decreased 
rapidly from 94,000 feet to 11,500 feet and was compatible 
with an absorption mean free path (m.f.p.) of 145 g/cm?. The 
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total flux of star-producing neutrons showed a maximum near 
70,000 feet and then dcereased with altitude with an absorp- 
tion mean free path of 170 g/cm*. Similar altitude dependence 
measurements were made at \ ~~28°N and showed that the 
rate of production by neutrons of stars of 3 to 9 prongs at 
94,000 feet was 0.19 of the corresponding value at \ ~54°. 
This demonstrates that 81 percent of the small stars must be 
due to the primary protons in the energy interval given by the 
geomagnetic cut-off at \ ~~54° and A 28° (1 to 8 Bev for 
protons and for a-particles and heavy nuclei 0.35 to 3.5 Bev 
per nucleon). The total flux of star-producing protons varies 
by a factor of 3.0 between these two latitudes at 94,000 feet 
and shows that 67 percent of the proton initiated stars are due 
to primary particles of energies given above. 


* Assisted by the joint program of the ONR and AEC, 


P8. Diurnal Variation of Heavy Nuclei in the Cosmic 
Radiation.* J. Litwin, J. J. Lorp, AND MARCEL SCHEIN, 
University of Chicago.—Measurements of the flux of heavy 
nuclei have been made from photographic plates exposed by 
a free balloon at an elevation of 94,000 feet at geomagnetic 
latitude 55°N. Two groups of Ilford G5 plates were exposed 
in a vertical position. Both groups of plates reached an eleva- 
tion over 90,000 feet at 7:50 P.M., May 22, 1950 and the first 
group (1) was released by parachute at 5:45 A.M. the next 
day. The second group of plates (2) was then released at 12:10 
P.M. the same day. The balloon was kept at an almost con- 
stant ceiling altitude by a ballast release mechanism and a 
temperature compensated barometer gave pressure readings 
accurate to 1 mb. The flux of heavy nuclei at night was deter- 
mined from the plates of group (1) and the flux during the day 
from the difference between the intensity of tracks on the 
plates of groups (2) and (1). It was found that the ratio be- 
tween the flux of heavy nculei during the day to that at night 
was 2.5+.3 for all heavy nuclei of Z ~10 to Z ~26. Data will 
be given regarding the flux of heavy nuclei with Z less than 10. 


* Assisted by the joint program of the ONR and AEC. 


P9. Rates of Star Formation and the Flux of Primary 
Heavy Nuclei During the Solar Flare of August 2, 1950. 
Joun E. NAUGLE AND GEORGE W. ANDERSON, JR., University 
of Minnesota.—The flux of primary nuclei with charge >10 
and star formation rates during the solar flare of August 2, 
1950, were measured by means of Ilford G-5 photographic 
emulsions. The exposure was of 3 hours duration at an average 
depth in the atmosphere of 16 g/cm?. Comparison of the flux 
of heavy nuclei with previous data! showed no differences 
attributable to the flare. Significant increases were observed 
in the rates of production of some types of stars. Control data 
was obtained from a closely similar flight during a period of 
normal solar activity.2 The prong spectrum and the relative 
number of stars initiated by neutral and charged radiation will 
be discussed. Similar effects were observed following the solar 
flare of May 10, 1949, by other workers.’ 
1P. S. Freier, thesis, 1950, University of Minnesota. 


2 J. E. Naugle, thesis, 1950, University of Minnesota. 
3? Lord, Elston, and Marcel Schein, Phys. Rev. 79, 540 (1950). 


P10. Measurements on Relativistic Cosmic-Ray Particles 
with Photographic Emulsions. L. Voyvopic AnD E. Pickup, 
National Research Council, Ottawa.—Relativistic cosmic-ray 
particles (observed in Ilford G5 emulsions which had been ex- 
posed for several hours at about 85,000 feet) have been 
analyzed by measurements on the grain density and multiple 
Coulomb scattering, using the scattering method developed 
at Bristol by Fowler.! Preliminary results will be given for 
the production spectra of charged and neutral mesons at this 
altitude. Some evidence has been found for a relativistic in- 
crease in grain density of about 10 percent above the mini- 
mum, which appears to be in qualitative agreement with ioni- 
zation loss theories when polarization effects are taken into 
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account. The accuracy of energy determinations from multiple 
scattering measurements has been improved by a new calibra- 
tion using electron pairs formed by the 17.6-Mev y-ray from 
protons on lithium. 

1P. H. Fowler, Phil. Mag. 41, 169 (1950). 


Pil. An Experimental Attempt to Detect the Dirac Mag- 
netic Monopole. WILLEM V. R. Matkus, University of Chi- 
cago.—Dirac* has shown that the charge of a magnetic mono- 
pole compatible with quantum mechanics must be an integral 
multiple of (137/2)e e.m.u. If this monopole is created by 
cosmic radiation in the atmosphere it would quickly reach 
terminal velocity in the earth’s field due to its large and veloc- 
ity-independent energy loss. A solenoid directed along the 
local field lines in an exposed place is used to accelerate any 
such particle to five hundred Mev. A nuclear emuslion is 
placed below the solenoid to record the heavy tracks any 
monopoles would leave. The negative results of this experiment 
are interpreted as setting an upper limit on the arrival rate of 
monopoles at the surface of the earth of 10~!° per cm? per sec., 
corresponding to a maximum cross section for their production 
by primary cosmic-ray protons of 3X 10-*§ cm*. 


*P. A. M. Dirac, Phys. Rev. 74, 817 (1948). 


P12. The Intensity of the Soft and of the Hard Component 
of the Cosmic Radiation at Geomagnetic Latitudes of 28°N 
and 55°N.* M. ViIpALE AND MARCEL SCHEIN, University of 
Chicago.—Two sets of identical counter telescopes have been 
flown with General Mills balloons at geomagnetic latitudes of 
28°N and 55°N. The first flight was launched on November 
19, 1949 from the deck of an aircraft carrier of the U. S. Navy. 
The equipment landed in the ocean and was prompty re- 
covered by helicopter. The second one was launched from 
Minneapolis, Minnesota on June 5, 1950. Both flights had a 
relatively slow rate of rise and floated at the maximum alti- 
tude for several hours. The intensity of the hard component 
(capable of traversing 12 cm of lead) and of the total flux of 
the cosmic radiation was measured as a function of altitude. 
Three counters below 12 cm of lead registered the production 
of penetrating showers. The intensity of the hard component 
shows a flat maximum at an atmospheric pressure of 9 cm Hg 
at 28°N geomagnetic latitude and a maximum at about 3 cm 
Hg for 55°N. Comparison of the results obtained at the two 
latitudes gives, at a pressure of 1.6 cm Hg, a latitude effect of 
3.85 for the total vertical flux, of 2.75 for the hard component 
and of 1.5 for penetrating showers. 


* Assisted by the joint program of the ONR and AEC. 


Invited Paper 
P13. Scintillation-Counter Analysis of the Charge Spectrum. of Primary Cosmic Rays. E. P. Ney, 


University of Minnesota. (30 min.) 


SATURDAY MORNING AT 10:00 
Breasted Hall 
(F. W. Loomis presiding) 


Reactions of Transmutation, Tritium Through Aluminium 


Ql. The a-Particle Energy Distribution from the 7+ 7 Re- 
action. K. W. ALLEN, E. ALmgvist, J. T. DEWAN, AND T. P. 
PeprerR, Chalk River Laboratory.—A preliminary study of the 
energy distribution of the a-particles from the reaction 7+T7 
=a+2n+11.4 Mev has already been reported.! The yield of 
this reaction for 240 kev triton bombarding energy is very 
small and considerable difficulty was experienced in studying 
the upper end of the a-particle spectrum due to the presence of 
3.5 Mev T+D a-particles from deuterium contamination on 
the target. It has now been found that a layer of titanium 
evaporated on to molybdenum backing and maintained at 
400°C gives very little D contamination while providing suffi- 
cient yield for a detailed study of the T+T a-particles with a 
thin window proportional counter and pulse analyzer. These 
measurements, combined with magnetic analysis data previ- 
ously obtained, give the shape of the 7+ T a-particle spectrum 
over the range 0.7 to 3.8 Mev. The distribution has a broad 
maximum at about 2.9 Mev. The intensity of an a-particle 
group which would correspond to the formation of a dineutron 
with lifetime >3X10~* sec. is less than 1 percent of the 
continuum. 


ass Almgqvist, Dewan, Pepper and Sanders, Phys. Rev. 79, 209(A) 


Q2. A Precise Determination of the Reaction Energies of 
Light Elements.* E. N. Strait, D. M. Van Patter, A. SPER- 
DUTO, AND W. W. BuECHNER, Massachusetts Institute of Tech- 
nology.—Measurements have been made of the reaction en- 
ergies of more than thirty ground-state transitions induced by 


proton and deuteron bombardment of light elements. The re- 
actions studied include the (d, p), (d, a), and (p, a) reactions, 
and the individual Q-values have been determined to pre- 
cisions that are between 4 and 14 kev. A total of sixteen stable 
nuclei from lithium through sulfur were used as targets. The 
reaction products were analyzed by means of 180-degree 
focusing in the field of a large annular magnet. In these meas- 
urements, careful consideration has been given to possible 
sources of error, such as the effects of geometry and of surface 
contaminants. Several of these reaction eneriges are of par- 
ticular importance for establishing accurate mass values. 
These include the O'*(d, a)N™, C¥(d, a)B", and Li’(p, 
reactions, the Q-values for which are 3.112+0.006, 5.160 
+0.010, and 17.340+0.014 Mev, respectively. 


* This work has been assisted by the joint program of the ONR and AEC. 


Q3. Disintegration of Lithium by Tritons. T. P. Perper, 
K. W. ALLEN, E. ALMgvist, AND J. T. DEWAN, Chalk River 
Laboratory.—The 250 kv accelerator is being used to study the 
disintegration of the lithium isotopes by tritons. The mass 3 
component of the ion beam, normally containing about 30 
percent tritons, bombards targets of *LiF or 7Li2zSO, and the 
energies of the disintegration products emitted at 90° to the 
beam are measured either by magnetic analysis or by means 
of a thin window proportional counter and pulse analyzer. 
With Li’ the following reactions have been observed: 


Li?7+T =2a+2n+8.79 Mev (1) 
=He®+a+9.75 Mev (2) 
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Two groups of a-particles corresponding to the formation of 
He‘ in the ground state and in an excited state 2.0 Mev above 
ground appear superposed on a continuous background of 
a-particles from (1). The intensity of the a-group from He® is 
about five times greater than that from the ground state. The 
yield of reaction (2) is considerably less than that of (1). In 
the disintegration of Li’, three reactions have so far been 
observed. 


Li¢+T =2a+2+16.03 Mev 
=Li?7+D+0.98 Mev 
=He'+a+15.2 Mev 


The 3-body disintegration has the largest yield. 


Q4. Simple Capture of Alpha-Particles. Bert J. Topret,{ 
Paut A. Roys, AND W. E. BENNETT, Jilinois. Institute of Tech- 
nology.—Gamma-rays have been observed from the simple 
capture of alpha-particles in lithium. The gamma-ray energies 
were too large, up to seven Mev, for simple capture in Li®, 
but not inconsistent with the reaction Li?(a, y)B". Three 
resonances were observed at bombarding energies of 0.401, 
0.819, and 0.958 Mev. The corresponding excited states in 
B" are at 8.90, 9.16, and 9.25 Mev. The yields were too small 
to use thin targets, but the resonances appeared as steps in 
the thick target yield curve. The slope of the steps was in- 
strumental for the first two resonances and suggested a width 
of about 6 kev for the upper resonance. The thick target count- 
ing rates above the steps were compared with the counting 
rate from simple capture of protons in a thick lithium target 
at 0.54 Mev, the ratios being 0.9, 9, and 60 10~*. Among the 
other light elements, only Be and B yielded gamma-rays when 
bombarded by 1.4 Mev alpha-particles, but in these cases the 
sharp resonances characteristic of simple capture were absent. 


t AEC Predoctoral Fellow. 


Q5. Search for Be’ States Using the Li*® Technique. GEoRGE 
R. KEEPIN, JR.,* University of California, Berkeley.—In Be’, 
the mirrored counterpart of the single 480 kev excited state 
in Li? is well established at 429+15 kev. However, two addi- 
tional levels in Be? have been reported! in spectrum studies on 
neutrons from LiCl and LiF bombarded with 5.1 Mev (cyclo- 
tron) protons. Subsequently others using similar techniques 
at lower E, have not found such levels. We have employed the 
Li® technique? to measure Li’(p, m)Be’ neutron spectra in an 
extended search for any additional levels in Be’. The possi- 
bility of a proton energy threshold for excitation of these 
additional levels led us to extend E, from 3.00 Mev up to 
4.35 Mev. Approximately 10,000 disintegrations have been 
measured ; an average value of 433+-26 kev for the level ex- 
citation in Be’ is obtained. Though some of the data (to be 
presented) suggests a level intermediate between 433 kev and 
the ground state, no corresponding group was considered suffi- 
ciently resolved to be so identified with certainty. Applying a 
tentative cross-section correction, no group other than the 
known level is observed with more than 15 percent of ground 
state intensity. 

* Now at University of Minnesota, Minneapolis, gon 

1j. fsa og and K. Mather, Phys. Rev. 77, 5 


80 (1950). 
2G. Keepin, Jr. and J. Roberts, Rev. Sci. Inst. ie 163 (1950). G. Keepin, 
Jr., UCRL 790: (1950). 


Q6. An Experimental Determination of the Half-Life of 
Be®. C. H. MILLAR A. G. W. Cameron, Chalk River 
Laboratory.—An Ilford type E1, 100 micron, nuclear research 
emulsion was exposed under paraffin and cadmium to 240 
roentgens of y-rays from the University of Saskatchewan 
betatron operating at 26.7 Mev. In a study of 12 cm? of this 
plate, 303 4-pronged a-particle stars from the photo-disin- 
tegration of O'* were found. Upon analysis, 119 stars were 
identified as having Be* as an intermediate disintegration 
product, and 27 of these showed a measurable displacement of 
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the Be*® nucleus prior to its break-up into two a-particles. 
From a consideration of these statistics and the conditions of 
observation a value of the half-life of Be® of (5.31.1) 107" 
sec. was obtained. 


Q7. Angular Distribution of Neutrons from Be®(p, n)B°, 
H. T. Ricuarps, M. J. W. LAuBENsTEIN, V. R. JOHNSON, 
F. AJZENBERG, AND C. P. BRownE, University of Wisconsin.— 
Protons from the Wisconsin electrostatic generator, after 
passing through a cylindrical electrostatic energy analyzer, 
were used to bombard a thin beryllium foil. Neutrons were 
detected by a shielded energy insensitive long counter one 
meter from the target. The neutron yield has been studied 
both as a function of angle (0° to 150° in the laboratory co- 
ordinates) and as a function of proton energy (threshold 
E,=2.059 Mev to E,=4 Mev). The neutron yield after con- 
version to center of mass coordinates is isotropic only very 
close to threshold. In the vicinity of the known resonance at 
E,~2.5 Mev the neutron yield shows maxima at 0° and 135° 
(c.m. coordinates). For 2.75 <E,<3.4 Mev, the neutron cross 
section shows a single maximum at 115°. Above 3.4 Mev the 
yield at 0° and 135° increases rapidly as though another 
resonance is being approached. Absolute cross-section meas- 
urements will be reported. 


* Work supported by the AEC and by the Wisconsin Alumni Research 
Foundation. 


Q8. Energy Levels of B'!.* Fay AJZENBERG, University of 
Wisconsin.—A 50-kv foil of Be was bombarded by 3.436 Mev 
deuterons. The neutron spectrum was observed by means of 
nuclear emulsions placed at 10 cm from the target, and at 
angles of 0° and 80° to the beam. Almost 3000 tracks have 
been measured. Strong evidence is found for levels of B!® at 
0.73, 3.61, 4.78, 5.13, 5.91, and 6.11 Mev, assuming Q=4.35 
Mev for the Be®(d, 2)B'® reaction. It is probable that levels 
also exist at 5.57, 5.68, 6.33, 6.57, and 6.80 Mev. The in- 
tensity and width of the neutron group corresponding to a 
level at 5.13 Mev indicate possible multiplicity. Similar evi- 
dence points to a doublet at 6.11 Mev. The 0° data, statistic- 
ally poor for high neutron energies, indicates multiplicity in 
the region of the previously reported level at 2.18 Mev.! This 
is confirmed by the 80° data which shows two distinct neutron 
groups corresponding to H,=1.82 and 2.24 Mev. No neutron 
groups corresponding to levels at 1.46 and 2.89 Mev were 
found. This result is in disagreement with the equally-spaced 
levels, harmonic oscillator picture of B!°.! 

“Work supported by the AEC and the Wisconsin Alumni Research 


Foundation. 
1 Rasmussen, Hornyak, and Lauritsen, Phys. Rev. 76, 581 (1949). 


Q9. Excited States of and Vircit R. JOHNSON, 
University of Wisconsin.—Thin (100 kev) targets of B!® and 
ordinary boron on tantalum backings were bombarded with 
monoenergetic deuterons of 3.44 Mev and 3.69 Mev energy. 
Eastman NTA 200 micron nuclear emulsion plates were 
mounted 10 cm from the target at 0° and at 80° with respect 
to the incident beam. Altogether about 3000 tracks have been 
measured. The neutron groups definitely assigned to the 
B19(d, n)C™ reaction give energy levels in C! at 1.9 Mev, 
4.3 Mev, 4.85 Mev, 6.48 Mev, 6.83 Mev, 8.45 Mev, and 8.70 
Mev. Other much weaker intensity groups are observed whose 
assignment is still uncertain. The work on the B"(d, »)C® 
reaction shows well-defined groups corresponding to C” levels 
at 15.14 Mev, 15.59 Mev, and 16.12 Mev and much broader 
poorly defined groups giving a C™ excitation of 4.6 Mev, 7.3 
Mev, 9.7 Mev, 10.4 Mev, and 11.9 Mev. There are also other 
possible unresolved levels in C® between 12 Mev and 15 Mev 


excitation. 


* Work supported by the AEC and the Wisconsin Alumni Research 
Foundation. 
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Q10. Energy Levels in C” from Be*(a,n)C%. James H. 
ROBERTS AND WILLIAM H. GuleEr, Northwestern University.— 
The neutron energy spectrum from the Be*(a, m)C” reaction 
using a thin Po alpha-source and then Be target was measured 
by the proton recoil method in Kodak NTA nuclear emulsions. 
The target was 0.25 mg/cm? thick. Photographic plates were 
mounted about 10 cm from the target in the forward, back- 
ward and 90° positions. To date 308 acceptable tracks have 
been measured in the forward direction and 321 tracks in the 
backward direction. Four neutron groups were found and were 
labeled A, B, C and D. Group A corresponds to a transition to 
the ground state in C'*. The Q of the reaction for transition to 
the ground state used was 5.76 Mev. Table I gives the results 
of the experiment. £,, is neutron energy and « is the energy in 
C above the ground state. 


TABLE I. 


Forward direction Backward direction 


Q1l1. Interaction of Fast Neutrons with Nitrogen.* C. H. 
JoHNsoNn AND H. H. BaRsCHALL, University of Wisconsin.— 
Using the method previous described,' cross sections for the 
N*(n, and N'(n, a)B" reactions were determined for 
neutron energies from 150 to 2100 kev. Neutrons from the 
Li?(p, n) Be’ reaction entered a nitrogen-filled ionization cham- 
ber whose axis was at 30° to the proton beam. A “long 
counter,” also at 30°, monitored the neutron flux. Disintegra- 
tions in the ion chamber were counted by observing pulses 
larger than biases set in accordance with pulse height dis- 


tributions found using a differential discriminator. Resonances 
were observed in the (, p) reaction at 500, 640, 995 and 1415 
kev; and in the (, a) reaction at 1415 and 1800 kev. The 
same resonances produced by the second neutron group from 
the Li’(p, m)Be? reaction indicate that the excited state of 
Be’ lies 43145 kev above the ground state and that the in- 
tensity of neutrons relative to the main group of neutrons at 
30° is 9, 10, and 12 percent at proton energies of 2.75, 2.89, 
and 3.66 Mev, respectively. 

* Work supported by the AEC and the Wisconsin Alumni Research 


Foundation. 
1H. H. Barschall and M. E. Battat, Phys. Rev. 70, 245 (1946). 


Q12. Energy Level at 31 kev in Al** from Al*’(d, p)Al** 
Reaction.* H. ENGe,** D. M. VAN Patter, W. W. BUECHNER, 
AND A. SperRDUTO, Massachusetts Institute of Technology.— 
The Al7(d, p)AP* and Al*7(d, a)Mg** reactions have been 
studied by bombarding thin aluminum targets with 1.2-, 
and 1.8-Mev deuterons. Protons emerging at 90 degrees with 
the incident beam were analyzed in a 180-degree single focus- 
ing magnetic spectrometer using nuclear-track plates as re- 
corders. The proton group in the expected position for the 
Al*® ground state appeared to be double. Two alpha-particle 
groups from Al?7(d, a)Mg*® were observed on the same plates, 
and each was single within the present resolution of the ap- 
paratus. The high-energy member of the proton doublet was 
assigned to the ground state of Al?* with a measured Q = 5.494 
+0.010 Mev. The low-energy member was assigned to an ex- 
cited state at 31.2+2.0 kev with a relative yield of 55 percent 
of the ground-state yield. The possibility that contaminants 
in the target produced one of the proton peaks was ruled out 
by voltage shift and by test runs on magnesium and silicon 
targets. The relative-yield figure does not change appreciably 
with changes in the bombarding energy from 1.2 to 1.8 Mev. 


* This work has been assisted by the joint program of the ONR and AEC. 
** On leave of absence from the University of Bergen, Bergen, Norway. 


SATURDAY AFTERNOON AT 2:00 
Breasted Hall 
(E. M. LyMaANn presiding) 


Reactions of Transmutation Concluded: Photon-Induced Nuclear Reactions 


R1. Energy Levels of Si** Excited by Alphas on Mg*.*} 
S. G. KAUFMANN, F. P. Moortnc, L. J. KOESTER, AND 
E. GoL_pBERG, University of Wisconsin.—Energy levels of 
Si?8 have been studied at this laboratory by means of the bom- 
bardment of Al?’ by protons.'? When analysis of the results 
proved ambiguous, it was thought that alphas on Mg** would 
offer a simpler approach to the problem. Alphas particles pro- 
duced by the Wisconsin electrostatic generator were used to 
bombard thin Mg™F, targets evaporated onto spectroscopic- 
ally pure graphite backings. The reaction products separated 
by a 90° magnetic analyzer were observed at a laboratory 
angle of 164°+5°. Excitation curves for the reaction 
Mg*(a, «)Mg™ and Mg*(a, p)Al?? have been obtained. The 
Mg" (a, p)Al?? and the Al?7(p, yield curves? show an 
excellent correspondence in structure. A preliminary Q-value 
of —1.62 Mev for the reaction Mg*(a, p)Al?”? has been ob- 
tained. 

* Work supported by the AEC and the Wisconsin Alumni Research 
Foundation. 

+ Mg™ was produced by the Y-12 Plant, Carbide and Carbon Chemicals 
Corporation, on allocation by the Isotopes Division of the AEC. 

1 Bender, Shoemaker, Kaufmann, Bouricius, Phys. Rev. 76, 273 (1949). 


tieh Shoemaker, Faulkner, Kaufmann, Bouricius and Mooring (to be pub- 
ished). 


R2. Magnetic Analysis of the P*!(d, @)Si** and Si**(d, p)Si*® 
Reactions.* P. M. Enpt,** D. M. VAN PATTER, AND W. W. 
BUECHNER, Massachusetts Institute of Technology—The Q- 
values of eight hitherto unobserved alpha-particle groups due 
to the P*\(d, a)Si*® reaction, corresponding to the ground state 
and to seven excited states of Si?*, have been determined with 
a magnetic spectrometer by bombardment of a thin zinc- 
phosphate target with 1.8-Mev deuterons. These Q-values, 
accurate to about 20 kev, are: 8.170; 6.884; 6.126; 5.727; 
5.086; 4.539; 4.080; and 3.211 Mev. These values have not 
been corrected for possible surface contamination. The level 
scheme of Si?® was checked by bombarding a thin quartz 
target with 1.8-Mev deuterons and measuring the energies 
of seven proton groups resulting from the Si*8(d, p)Si®® re- 
action. The Q-values for this reaction, accurate to about 10 
kev, are: 6.246; 4.973; 4.224; 3.820; 3.180; 2.626; and 1.312 
Mey, in reasonable agreement with the recent range measure- 
ments of Motz and Humphreys.' The positions of the excited 
states of found from the P**(d, a) and the Si**(d, p) reac- 
tions agree within 25 kev. 

* This work has been assisted by the joint program ~' the ONR and AEC. 


** On leave from the University of Utrecht, Holland. 
1H, T. Motz and R. F. Humphreys, to be published. 
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Group 
En Q ‘ En Q ‘ 
A pa ~— — 7.37 5.80 —.04+.2 
B 6.30 1.37 4.4+.2 3.70 1.44 4.3 +.2 
D 2.35 —2.16 7.94.6 
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R3. Preliminary Investigation of Ion Recoil Energy Follow- 
ing K-Capture Disintegration of A*’.* G. W. RoDEBACK AND 
J. S. ALLEN, University of Illinois.—Using the recently deter- 
mined A*?— mass difference! and assuming conservation 
of momentum by a neutrino and the nucleus, the K-capture 
disintegration of A*? should give an energy of about 10 e.v. 
to the recoil nucleus. 

An attempt to verify this by a time-of-flight measurement 
of the Cl*? ions has been made using a gaseous source of A*” 
at sufficiently low pressures. The initiating event is taken as 
the emission of an Auger electron following K-capture and is 
detected by an electron multiplier. The Cl*’ ion traverses a 
field-free distance, and after a rapid acceleration is detected 
by a second electron multiplier. Counts are made of delayed 
coincidences which are recorded simultaneously over 18 con- 
secutive time intervals by a multi-channel analyzer.? 

Present results give a peak on the coincidence-count versus 
time-delay curve which agrees as to position and spread with 
the predicted values. The additional peaks which occur at 
later times are not believed to be instrumental in nature and 
are being further investigated. The zero-time coincidences 
which occur are probably due to photons emitted by part of 
the disintegrations. 

' * Assisted by the joint program of the ONR and the AE 


1H. T. Richards and R. V. Smith, Phys. Rev. 74, 1257 (i948). 
2 Seabee developed by J. S. Allen and P. B. Smith. 


R4. Proton Bombardment of Copper. C. W. MALICH AND 
J. C. Harris,* Naval Research Laboratory—The Naval Re- 
search Laboratory Van de Graaff has been used to bombard 
copper targets with protons ranging in energy from 1 to 2 Mev. 
A hard gamma radiation is observed. The thick target yield 
increases nearly exponentially ; no sharp resonances have been 
observed. At 2 Mev the yield is comparable to that from a 
thick aluminum target. The energy of the gamma-ray is 
estimated as roughly the same as the Al(, y) radiation. Pre- 
liminary checks for contamination effects have disclosed no 
appreciable ones. 


* Now at Ohio State University. 


RS. The Reaction Mn**(p, n)Fe*.* J. J. G. McCuE Aanp 
W. M. Preston, Massachusetts Institute of Technology.— 
Protons from the Rockefeller electrostatic generator at M.I.T. 
have been used to bombard Mn*, The proton energies ranged 
from the threshold near 1.2 Mev up to 2.05 Mev with a resolu- 
tion of 4 kev, and up to 2.72 Mev with a resolution of 15 kev. 
The experiment gives information about the (p, ) resonance 
levels in the compound nucleus Fe**. Below 1.75 Mev, a num- 
ber of isolated peaks in the yield curve rise from a weak con- 
tinuum. The half-widths of these peaks are equal to the resolu- 
tion used, showing that the level widths are less than 4 kev. 
Above 1.75 Mev, the spacing of the peaks decreases abruptly 
and i individual resonances are no longer resolved from one 
another. 


a joint program of the ONR, 
BuShips, and the AEC. ealate 


R6. A Method for the Study of y-p Reactions.* J. HALPERN 
AND A. K. MANN, University of Pennsylvania.—Scintillation 
counters have been applied to the detection of photo-protons 
resulting from targets bombarded by the X-ray beam of the 
University of Pennsylvania 25 Mev betatron. Each detector 
consisted of an RCA 5819 photo-tube, a silver activated ZnS 
screen supported in a vertical plane by a glass backing, and an 
hemispherical aluminum reflector containing a thin window to 
permit the entrance of photo-protons. Two counters, operated 
independently, were contained in a scattering chamber com- 
pletely shielded by 4 inches of lead, through which the col- 
limated X-ray beam passed. With this arrangement, integral 
bias curves obtained without a target show the background to 
be X-ray pile-up plus a small heavy particle component which 


does not exceed 0.1 counts per 7. Increased pile-up due to X- 
ray scattering from targeta does not interfere with the de- 
tection of heavy particles. The heavy particles resulting from 
irradiation of targets have been identified as protons by several 
methods. This apparatus is applicable to the measurement of 
—p excitation functions, angular distributions and yields. 


* Supported in part by the joint program of the ONR and AEC. 


R7. Yields of Photo-Protons from Various Elements.* A. K. 
MANN AND J. HALPERN, University of Pennsylvania.—The 
techniques described in the preceding abstract have been used 
for a study of the relative yields of photo-protons from various 
elements. Elements investigated were in the form of metal 
foils of natural isotopic composition. Foil thicknesses were 
chosen such that target absorption was approximately the 
same (5 Mev) for all targets. The experimental arrangement 
allowed targets to be irradiated successively under constant 
conditions. The data of the experiment are a series of integral 
bias curves, each curve corresponding to a given target. The 
relative yields of photo-protons are determined from a com- 
parison of the integral bias curves. Preliminary data on 
eighteen elements (Z <50) indicate that the relative yield in- 
creases by a factor of approximately 100 as Z increases from 4 
to 28, and then decreases to a value, at Z=50, about one- 
tenth that of the maximum at Z=28. The relative yield data 
obtained in this experiment can be compared directly with the 
known data for photoneutrons. 


* Supported in part by the joint program of the ONR and AEC. 


R8. Average Photo-Neutron Resonance Energy in Cu® and 
C2, H. W. Kocu, J. McELHINNEY, AND J. A. CUNNINGHAM, 
National Bureau of Standards.—The absorption coefficients 
for the x-rays producing the Cu®(y, 2)Cu® and the C*(y, 2)C™ 
reactions have been measured. X-rays from a 50-Mev betatron 
were confined by a lead aperture to a cone whose apex angle 
was 15 minutes. #;"" square monitors and detectors of the 
element under investigation were placed in the x-ray cone at 
146 cm and 546 cm respectively from the x-ray target. Ab- 
sorbers of lead and aluminum were placed immediately behind 
the monitor sample, so that the maximum scattering angle at 
the absorber subtended by the detector was only about 30 
minutes. The observed absorption curves were exponential 
having the following absorption coefficients: in aluminum ab- 
sorbers, 7 =.0220(+.0004) cm?/g for the Cu® resonance; in 
lead absorbers, 7 = .0592(+.0005) cm?/g for the Cu® resonance 
and r=.0643(+.0013) cm?/g for the C resonance. On the 
basis of these coefficients and the absorption curves as func- 
tions of energy in lead and aluminum supplied by Miss Gladys 
White, the average energy for the Cu® photo-neutron reson- 
ance is given as 17.2 (+.4) Mev and that for C® as 22.1 
(+1.5) Mev. The details of the experiment will be presented 
and a comparison of the results will be made with the values 
found by other methods. 


R9. Nuclear Excitation of Indium" by Thin Target X-Rays. 
Epwin J. SCHILLINGER, JR.,*— B. WALDMAN AND W..C. 
MILLER, University of Notre Dame.—Energy levels in the In" 
nucleus have been investigated over the energy range of 1.0 
Mev. to 2.3 Mev. by means of the continuous x-ray spectrum 
produced by mono-energetic electrons incident upon thin tar- 
gets. Conclusive evidence for levels at 1.08+0.02 Mev., 1.47 
+0.02 Mev., and 1.60+0.02 Mev. has been found. The first 
two of these levels are a corroboration of the results of Miller 
and Waldman! while the third is reported for the first time. 
The isochromat theory of Guth? has been further verified from 
threshold to 1.47 Mev. Above 1.65 Mev. the evidence indi- 
cates closely spaced levels of small cross sections and/or a 
breakdown in the isochromat theory. An over-all cross section 
of about 10-* cm? has been computed for the process at 1.4 
Mev., using a gold foil of 30 mg./cm*. The investigation em- 


& 
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ployed a magnetic deflection technique. This work was par- 
tially supported by the joint program of the ONR and AEC. 
* Now at De Paul University, Chicago, Illinois. 
+ This work was performed under an AEC Predoctoral fellowship. 


1W. C. Miller and B. Waldman, Phys. Rev. 75, 425 (1949). 
2 E, Guth, Phys. Rev. 59, 325 (1941). 


R10. X-Ray Excitation of and Ag’®. E. J. Wortck1,* 
B. WALDMAN, AND W. C. MILLER, University of Notre Dame.— 
X-rays, produced by electrons from the Notre Dame Electro- 
static Generator, were used to excite the separated isotopes of 
silver to their respective metastable states. The electron 
energy was varied between 0.8 Mev and 2.3 Mev. The thresh- 
olds for x-ray excitation of both Ag!®?7 and Ag!®® were found to 
be below 0.80 Mev. An activation level in Ag'®? was found at 


1.285+.018 Mev. An activation level in Ag’® was found at 
1.210+.018 Mev. The over-all cross section (i.e., per incident 
electron on thick gold target) is of the order of 10-* cm? for 
both isotopes at 1.4 Mev. The activity of each isotope was fol- 
lowed for about seven half-lives. The half-life of Ag’®’* was 
found to be 44.0+1.0 sec. The half-life of Ag’®®* was found to 
be 40.0+1.0 sec. These measurements are in agreement with 
those of Bradt et al.! and the isotope assignment of Helm- 
holtz.2 This research was supported in part by the Joint 
Program of the ONR and AEC. The separated isotopes were 
furnished by Dr. A. C. Helmholtz, Radiation Laboratory, 
University of California. 
* AEC Predoctoral fellow. Now at University of Iowa. 


1 Bradt ef al, Helv. Phys. Acta 20, 153 (1947) 
2 Helmholz, Phys. Rev. 70, 982 (1946). 


SATURDAY AFTERNOON AT 2:00 
Eckhart 133 
(R. L. SpROULL presiding) 


Thermionic Emission and Allied Topics 


Sl. The Non-periodic Deviation from the Classical 
Schottky Effect.* E. A. Coomes anp W. B. LABERGE Uni- 
versity of Notre Dame.—The Guth-Mullin theory? for devia- 
tions from the Schottky law for thermionic emission has satis- 
factorily accounted for observed periodic deviations.’ This 
theory also contains a monotonic term which causes the pre- 
dicted slope of the Schottky line to decrease with applied field, 
rather than remain constant as given by classical theory. At 
1500 deg. K this non-periodic deviation should be about 1.5 
percent for the reflection effect alone' and decrease to a much 
smaller value when the tunnel effect is included in the theory.” 
Accurate Schottky plots taken on polycrystalline tantalum 
filaments at 1500 deg. K seem to show deviations of this type. 
When the patch effects are taken into account, the effect is 
of the order of one percent. 

* This work was sponsored by U. S. Navy Bureau of Ships. 

1E, Guth and C. J. Mullin, Phys. Rev. 59, 575 (1941). 


2? E. Guth and C. J. Mullin, Phys. Rev. 61, 339 (1942). 
3 See e.g., R. L. E. Seifert and T. E. Phipps, Phys. Rev. 53, 493 (1938). 


$2. Schottky Deviations for Polished Tantalum.* G. B. 
Finn AND W. B. LABERGE, University of Notre Dame.— 
Periodic Schottky deviations in thermionic emission from 
patchy surfaces of polished tantalum have been investigated 
for fields up to 50,000 volts/em at a temperature of about 
1500°K. The phase and amplitude of the deviations were found 
to be in substantial agreement with the theory.'! The Schottky 
line showed the two changes in slope predicted by patch 
theory.2 Deviations were computed using the experimental 
slope appropriate to the field region. This data on polished 
tantalum is in good agreement with previous data on un- 
polished tantalum indicating that polishing does not alter the 
phase or amplitude of the deviations from the Schottky line 
nor the occurrence of patch breaks. 

* This work sponsored by the U. S. Navy Bureau of Ships. 

1E, Guth and C. J. Mullin, Phys. Rev. 59, 575 (1941). 


2J. A. Becker, Rev. Mod. Phys. 7, 95 (1935). 
* Coomes, Munick, and LaBerge, Phys. Rev. 79, 233 (1950). 


S3. Schottky Deviations for Thoriated Tungsten.* E. G. 
Brock AND Fr. HoupeE, University of Notre Dame.—Measure- 
ments of the thermionic emission from thoriated tungsten in 
the Schottky region have been made on a 5-mil filament with 
fields up to 150,000 volts-cm~. This filament was studied after 


being flashed to the clean state and also when contaminated 
by diffusing thorium onto the surface. The filament tempera- 
ture range was 1000°K to 1800°K for both clean and con- 
taminated conditions. Periodic deviations and patch breaks in 
the Schottky line were found which are in substantial agree- 
ment with those observed for tantalum by Coomes, Munick, 
and LaBerge.' 


* This work sponsored by the U. S. Navy Bureau of Ships. 
1 Coomes, Munick, and LaBerge, Phys. Rev. 79, 233 (1950). 


S4. Thermionic Emission from a Single Crystal Copper 
Cathode.* Davip W. JUENKER, University of Notre Dame.— 
Preliminary Schottky emission data have indicated that pre- 
cise thermionic measurements on a single crystal copper 
cathode surface may be possible. A copper anode and cathode 
of identical crystal orientation were mounted with plane 
parallel surfaces 1 mm apart in a diode. The crystals were 
grown from seed by the Bridgman method. Outgassing was 
accomplished by heating to 900°C for about 100 hours, by 
means of the radiation from a tungsten filament. With measur- 
ing apparatus found satisfactory in previous Schottky devia- 
tion work,! a Schottky plot was obtained. The thermionic 
current at about 900°C was of the order of 10-" amp. cm™, 
which agrees well with the value computed using Anderson's 
figure for the work function.? 

* This work was sponsored by the U. S. Navy Bureau of Ships. 


1 Coomes, Munick, and LaBerge, Phys. Rev. 79, 233 (1950). 
2 P. Anderson, Phys. Rev. 76, 388 (1949). 


S5. The Electrolytic Preparation of Single Crystal Copper 
Cathodes for Electron Emission Studies.* G. J. BALDWIN, 
University of Notre Dame.—Single crystal cathodes of copper 
have been prepared for photoelectric and thermionic emission 
experiments. Cylinders of single crystal copper' were mechan- 
ically processed by the standard metallurgical method to ob- 
tain plane end and side surfaces of desired crystallographic 
direction. The surfaces were electrolytically polished? in order 
to removed the disturbed mechanically polished layers. Etch- 
ing was avoided during the unsteady period at the beginning 
of the anodic polishing period by adjusting the voltage at 2 
volts at the start and maintaining that value throughout the 
run. Finally the emission surfaces were outgassed by vacuum 
heating. After each step in the preparation of the cathodes the 
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emission surfaces were examined by x-ray and photo-micro- 
graph in order to determine the effect of the process on the 
surface condition. 

* This work was sponsored by tg" y ed Bureau of Ships 


1A. A. Petrauskas and F. Ga aa . App. Phys. 20, 1257 (1949). 
2P. A. Jacquet, Nature 135, 1076 dose)" 


S6. Thermionic Emission Properties of Barium Sulfide.* 
W. GratTtTIpGE, University of Missouri.—Barium sulfide as a 
thermionic emitter has been investigated previously+? though 
in no quantitative manner. Specimens of BaS have-been pre- 
pared by heating either the hydrosulfide or the sulfate in a 
reducing atmosphere at temperatures of 800°C and 1200°C 
respectively. Using the materials as cathodes on 1001 pure 
nickel base metal in diodes with plane parallel geometry, 
Richardson plots indicate a work function for all specimens of 
2.2 ev with A constant varying between 4150 and 0.29 depend- 
ing on the age of the specimen and the method of preparation. 
The products of evaporation from a heated barium sulfide- 
coated platinum ribbon have been examined in the mass spec- 
trometer. This study indicates the formation of some oxide 
after contact with air. The variation of material evaporated as 
a function of temperature, assuming the ionization probabili- 
ties of the sulfide and oxide to be approximately the same, 
shows the sulfide to be considerably less volatile than the oxide. 
The latent heat of vaporization of the sulfide is about 97 
kcal mole. 


* Su 


ed in t by the ONR. 
10. 


son, Phil. Mag. 22, 669 (19 


11). 
2G. W. Fox and F. M. Bailey, Phys. Rev. 59, 174 (1941). 


S7. Correlation of D.C. and Microsecond Pulsed Emission.* 
FranK A. Horak, University of Missouri.—D.c. and micro- 
second pulsed emissions, using plane parallel geometry diodes, 
were investigated for (BaSr)O coated cathodes on base metals 
of pure nickel, 0.2 percent Si-Ni, 4 percent Si-Ni, and 4.6 
percent W-Ni. Zero field thermionic emissions were determined 
by (1) d.c. retarding potential, (2) d.c. Schottky, and (3) 
pulsed Schottky plots. All tubes were life-tested under quies- 
cent conditions at 1125°K. Richardson plots were used to 
determine the work functions and the A constants. Compari- 
son was made of the characteristic emission current density 
values, jo at 650°K. This temperature is in range over which 
both d.c. and pulsed currents were measurable. This range of 
current overlapping was about one order of magnitude in 
most cases. The work function and the A constants obtained 
by the three above mentioned methods were essentially the 
same. The most active cathodes were those of the W-Ni base 
metal, and the least active were those of pure nickel and the 
0.2 percent Si-Ni. X-ray diffraction methods were used to con- 
firm the presence of an interface. A possible explanation will be 
presented for the observed dependence of emission on type of 
base metal and life in terms of interface formation. 


* Supported in part by ONR. 


S8. The Evaporation of BaO from Pt, Ta, W, Mo, and N‘.* 
L. T. ALpricu,t University of Missouri.—The material evapo- 
rated from various base metals coated with BaO and heated 
over wide ranges of temperature has been studied with a high 
resolution mass spectrometer. The results of the temperature 
variation indicate that more than 99 percent of the material 
evaporated from the BaO-Pt system is BaO and an even 
greater proportion of that evaporated from the BaO-Ta system 
is Ba. In order of decreasing Ba/BaO evaporated, the base 
metals were Ta, W, Mo, Ni, and Pt respectively. The relative 
amount of BaO evaporated was found to depend on the amount 
of low temperature aging in the first three of these. High mass 
peaks which are attributed at least in part to evaporation have 
been identified as: BaxO*+*, Ba,O*, Ba2O.*, on all metals but 
Ta, and BaMoO,*, BaWO,*, and BaTaO;* have been found 
on Mo, W, and Ta respectively. No barium compounds con- 


taining Ni or Pt were found. Isotopic identification of these 
compounds was possible in most of the above cases. 


* Supported in part by the ONR. 
_ address: Department of Terrestrial Magnetism, Washington, 


S9. Conductivity Measurements of (BaSr)O.* J. R. Youna, 
University of Missouri.—Conductivity measurements of 
(BaSr)O on base metals of Pt, pure Ni, and Mg-Ni have been 
made at different temperatures in order to test the predictions 
of the recent Vink-Loosjes theory.! The tube design was similar 
to that used by Vink. Conductivity was determined from d.c. 
voltage-current characteristics over the temperature range 
1150°K to 260°K at different states of activity. The experi- 
mental results do not agree in the following respects with those 
reported by Vink. (1) In many cases there is no difference in 
the general shape of the V-J curves over the temperature range 


. studied. (2) The low temperature break in the curve Ino vs. 1/T 


does not appear at 800°K except in low states of activity; in 
some cases it occurs as low as 550°K. (3) Corrections applied 
by assuming the low temperature (region 1) conduction 
mechanism to be in parallel with the higher temperature 
(region 2) conduction mechanism do not change the slope of 
region 2 to agree with the probable work function in many 
cases. Also this correction affects only a portion of region 2 
introducing still another break if applied. 


* Supported in part by ONR 
1 Loosjes and Vink, Philips Res. Rep. p. 449, December, 1949, 


$10. Emission of Neodymium and Neodymium Oxide Ions 
from a Hot Filament Source. R. G. JOHNSON AND W. C. 
CALDWELL, Jowa State College-—With Nd2O;* on a tungsten 
filament in the source of a mass spectrometer NdO* ions may 
be detected when the filament is below 1850°C. If the tempera- 
ture is increased to 1850°C and the pressure is maintained 
below 10-* mm of mercury, Nd* ions are observed. With the 
temperature of the filament still 1850°C and the pressure in- 
creased above 10-° mm of mercury NdO* ions appear; the 
relative abundance of NdO* ions to Nd* ions increases as the 
pressure increases. These effects are interpreted to mean the 
removal of either oxygen from the neodymium oxide lattice 
or adsorbed oxygen from the surface of the neodymium oxide 
under the conditions of elevated temperature and reduced 
pressure. The measurements are being extended to attempt to 
verify the Born cycle for neodymium by measuring the work 
functions for the neodymium ion, the neutral neodymium 
atom, and the electron from neodymium oxide and by using 
the available value for the ionization potential of neodymium. 

* Dr. F. H. Spedding kindly furnished the neodymium oxide. 


S11. Experiments Relating to the Interaction of Slow 
Electrons and Surface Films of Potassium Chloride. DIETRICH 
DoBISCHEK AND HAROLD Jacoss, Evans Signal Laboratories.— 
Experimental diodes were constructed which contained a 
rotating anode, an oxide-coated cathode and a potassium 
chloride source. The ionic crystal was evaporated to the anode, 
to form an uncontaminated surface film. The film was then 
rotated in front of a previously activated oxide cathode, from 
which thermionic emission could be obtained. The potassium 
chloride film was bombarded by electrons with energies rang- 
ing between 0.5 ev to 20 ev. It was found that when electrons 
attained an energy equivalent to the heat of formation of the 
potassium chloride, decomposition of the alkali chloride oc- 
curred. This was illustrated by a sharp and characteristic 
“slumping” cathode emission at 4.5 ev. In addition, several 
smaller peaks of rising and falling cathode emission were 
measured at lower characteristic anode voltages (1.0 ev and 
2.5 ev). 


$12. Interpretation of the Interaction of Slow Electrons and 
Surface Films of Potassium Chloride. HARoLD JACOBS AND 
DiEtricH DosiscHEK, Evans Signal Laboratories.—In the 
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bombardment of thin films of potassium chloride, it was found 
that at critical anode energies the electron emission from the 
cathode was affected. At the energies of about 1.0 and 2.5 ev, 
either rising emission or falling emission of a temporary nature 
was observed. At 4.5 ev, the cathode was relatively, perma- 
nently damaged with respect to its thermionic emission. By 
means of several types of calculations, it was shown that 
charges, due to trapped electrons in the surface film of potas- 
sium chloride, could enhance or lower the current from the 


cathode. At critical kinetic energies of the bombarding elec- 
trons, 1.0 and 2.5 ev, the electrons trapped in the potassium 
chloride could be released, resulting in a rising cathode current. 
The energies required for the release of the trapped electrons 
by bombarding electrons were found to be very near the same 
as the energies required by photons, as described by Hilsch 
and Pohl in their work on F centers and F’ centers in potassium 
chloride. It was further concluded that the electron affinity of 
the evaporated ionic crystal must be very small, i.e., <0.5 ev. 


SATURDAY AFTERNOON AT 2:00 
Kent Theatre 
(CLARENCE ZENER presiding) 


Invited Paper 
Tl. Dislocations and Lattice Defects. FREDERICK SEITz, University of Illinois. (30 min.) 


Solids Other Than Metals 


T2. Some Optical Properties of NaCl:Pb Phosphors. JAMES 
H. SCHULMAN, ROBERT J. GINTHER, AND CLIFFORD C. KLIckK, 
Naval Research Laboratory.—Absorption and luminescence 
phenomena in NaCl:Pb phosphors have been found to be 
rather complex. Melt-grown NaCl:Pb has an asymmetrical, 
2730A-peaked absorption band. The variation of emission 
spectrum with wave-length of excitation within this band 
shows that it consists of two poorly resolved absorption bands, 
one peaking at 2730A and the other at 2900A. At low lead 
concentrations, irradiation into the first of these causes a near 
ultraviolet emission peaking at 3200A; irradiation into the 
second causes a visible emission peaking at about 4500A. At 
high lead concentrations, irradiation into the first band gives 
a second near ultraviolet emission band pe*’ing at 3850A in 
addition to the one peaking at 3200A. Precipitated NaCl: Pb 
shows all the above phenomena, and in addition, has an excita- 
tion band peaking at 2600A, producing simultaneously a 
3300A-peaked emission and a visible emission. The NaCl: Pb 
phosphors are unstable, deteriorating after a few days at room 
temperature and more rapidly at 130°. X-irradiation of these 
phosphors destroys the above absorption and emissions, and 
gives a print-out effect due apparently to the formation of 
colloidal lead. The x-rayed material can be excited by near 
ultraviolet to give a red emission, peaking at about 6100A. 


T3. Exciton-Enhanced Photoelectric Emission from F- 
Centers in Alkali Iodides near 85°K. L. APKER AND E. Tart, 
General Electric Research Laboratory.—The frequency varia- 
tion of an exciton-enhanced photoelectric emission from F- 
centers in KI has been measured at 300°K in previous work. 
The photoelectric yield showed a sharp peak at hv=5.66 ev, 
a point practically coincident with the first fundamental opti- 
cal absorption maximum of KI. At 85°K this absorption peak 
shifts to about 5.80 ev and becomes sharper, as shown by 
Fesefeldt; the photoelectric yield, however, then shows two 
maxima separated by a sharp minimum near the optical peak. 
Thus, it appears that the yield at first increases with increasing 
optical absorption, reaches a maximum for an absorption con- 
stant near 10° cm™!, and decreases as the absorption increases 
further. An explanation may be based on a hypothesis used by 
Fano? in another connection. He suggests that excitons are 
destroyed at free surfaces. A sparsity of F-centers near the 
surfaces of these samples may also be involved. Optical absorp- 
. tion data and similar photoelectric results will be given for 
RbI, for which a quantitative treatment has been worked 
out by Hebb. 


1 Apker and Taft, Phys. Rev. 79, 964 (1950). 
2 U. Fano, Phys. Rev. 58, 544 (1940). 


T4. Mechanism of Exciton-Enhanced Emission of Photo- 
Electrons in RbI. Matco_m H. HEBs, General Electric Re- 
search Laboratory.—The yield of photo-electrons from RbI ob- 
served by Apker and Taft (preceding abstract) is discussed. 
The reversal] near the first maximum in the optical absorption 
is interpreted with the following model. Excitons produced by 
absorption of photons in the crystal diffuse without loss of 
energy to F-centers where they eject electrons and are an- 
nihilated. Age theory is used to treat the diffusion of the elec- 
trons from their points of origin with gradual loss in energy. 
It is assumed that an electron reaching the surface with suffi- 
cient energy to escape is certain to do so. Destruction of ex- 
citons by competing processes at the surface can lower the 
yield of electrons originating near the surface and give the 
reversal in total yield when the optical absorption length is 
small. A paucity of F-centers near the surface can also con- 
tribute to the effect. To fit the observations, it is necessary to 
assume a dead layer at the surface ~140A thick. The length 
characteristic of electron escape is ~40A. The mean free path 
of the electrons in the slowing down process is ~10A. 


TS. On the Transition Probability for Photoelectric Emis- 
sion from Semiconductors. H. B. HUNTINGTON* AND L, APKER, 
General Electric Research Laboratory~—An adaptation of 
Makinson’s! theory of photoelectric emission from metals is 
used to treat simple semiconductor models. In one case, a (100) 
surface of a simple cubic structure is considered. The prob- 
ability of excitation from a state of initial energy « lying near 
€o, the top of an occupied band, is found to be proportional 
to «9 —e. For a density of states having the normal form, m(e) 
~ (€9—¢)!, the energy distribution of the emitted electrons is 
thus dominated at higher energies by a factor (¢o.—e)!. Since 
this result is in good agreement with experimental results 
obtained for Te and other monatomic semiconductors, it is 
suggested that the relation derived above holds also for these 
more complicated crystals. This point of view permits a 
unique interpretation of the graphical techniques previously 
used in analyzing photoelectric data and assigns a theoretical 
value of } to the parameter m.? 

* Work done on summer leave from Rensselaer Polytechnic Institute. 


1R. E. B. Makinson, Phys. Rev. 75, 1908 (1949). 
2 Apker, Taft, and Dickey, Phys. Rev. 74, 1462 (1948). 


T6. Fermi Levels in Semiconductors. Guy W. LEHMAN, 
Purdue University.—In nucleon-irradiated semiconductors ad- 
ditional donator and acceptor states appear.' The Fermi level 
changes as a function of the total number N of defects intro- 


34 


duced. When more donator levels than acceptor levels are 
introduced, P-type material changes to N-type during bom- 
bardment. For equal numbers of donators and acceptors 
(interstitial and lattice vacancies) produced, with activation 
energies of 0.15 ev and 0.05 ev respectively, the Fermi level in 
all cases approaches the limiting value 0.275 ev above the 
middle of the forbidden gap as N increases: initially N-type 
material is converted to P-type material and initially P-type 
material shows decreasing resistance if the initial concentra- 
tion of impurities is moderate as observed in Ge. A model 
corresponding to bombardment-induced transmutations? pro- 
ducing three acceptor impurities for each donator shows that 
N-type material is converted into P-type and P-type material 
shows decreasing resistance, again as observed in Ge after heat 
treatment to remove lattice imperfections. 


1K. Lark-Horovitz, et al., revs. Rev. 73, 1256(A) (1948). 
2 Cleland, Lark-Horovitz, and Pigg, Phys. Rev. 78, 814(L) (1950). 


T7. The Preparation of Thin Films of NiO with Lithium 
Impurity.* N.C. JAMIson anD T. R. Philips Lab- 
oratories, Inc.—Verwey, Haayman, and Romeyn! have shown 
that by substituting Li for Ni in the NiO lattice the conduc- 
tivity of the oxide may be varied through a wide range; con- 
ventional sintering methods were used and the electrical 
properties of materials containing up to 9 atomic percent Li 
were reported. In the present work mixtures of Ni and Li were 
laid down on polished fused quartz disks by simultaneous 
vacuum deposition. The metallic films were converted to the 
oxide by heating to 500°C in a stream of N2 containing a small 
amount of O2. Satisfactory semiconducting films were obtained 
in the thickness range from a few hundred to 3000A. The 
lithium content was varied from 2 to 48 atomic percent; the 
composition was established by chemical means. X-ray meas- 
urements made on an NiO film yielded the lattice constant 
4.17(1)A in good agreement with other determinations for 
NiO. From the sharpness of the diffraction lines it was esti- 
mated that the size of the crystallites was about 1000A. 

* Supported in part by the ONR. 


1Verwey, Haayman, and Romeyn, Chem. Weekblad 44, 705 (1948); 
also Philips Research Reports 5, 173 (1950). 


T8. The Electrical Properties of Thin Films of NiO with 
Lithium Impurity.* T. R. KoHLER AND N. C. Jamison. Philips 
Laboratories, Inc.—Resistance measurements made on 38 semi- 
conducting films of LisNijs0 established the relationship 
between the resistivity and the lithium content in the range, 
2 to 48 atomic percent. The curve shows a broad minimum in 
the neighborhood of 30 atomic percent, the minimum value of 
resistivity being 50-cm. The temperature coefficient of resis- 
tance was measured for the interval 30 to 60°C; the value of B 
in the expression o= A’ exp—B/T decreased from 3800°K to 
2600°K with increasing lithium content (2 to 48 atomic per- 
cent). A plot of logA’ as a function of the lithium content has 
a maximum value corresponding to about 28 atomic percent. 
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The shape of the curve is approximately the same as the log 
of the product, (Ni**X Nit***), plotted as a function of lithium 
content if it is assumed that for each Li substitution one nickel 
ion becomes trivalent. Six samples on which thermoelectric 
measurements were made (lithium content <30 atomic per- 
cent) indicated hole conduction. The results of noise measure- 
ments and resistance at high frequency will also be reported. 


* Supported in part by che ONR. 


T9. The Temperature and Pressure Dependence of the 
Dielectric Constant of Cubic Crystals. E. Burstein, Paut L. 
SmitH, AND B. HeEnvis, Naval Research Laboratory.—The 
optical and static molar polarizabilities of most solids, includ- 
ing the alkali halides, are appreciably dependent on tempera- 
ture and pressure.'! This arises from the dependence of the 
frequency and strength of their absorption bands in the ultra- 
violet and infra-red on the interatomic distance and amplitude 
of vibration of their atoms. At optical frequencies the contri- 
bution to the change in dielectric constant from the change in 
molar polarizability is generally smaller than the contribution 
from the change in number of atoms per unit volume except 
for crystals such as MgO, ZnS, and diamond where the bond- 
ing is appreciably homopolar. At low frequencies, however, the 
contribution from the change in molar polarizability is almost 
always larger than the contribution from the change in number 
of atoms per unit volume. The only known exceptions to this 
among cubic crystals are the thallium halides. The optical 
processes underlying these phenomena will be discussed. 

1 E, Burstein and P. L. Smith, Ind. Acad. Sci. 28, 377 (1948); S. Mayburg, 


Phys. Rev. 79, 375 (1950); and G. N. Ramachandran, Ind. Acad. Sci. 25, 
481 (1947). 


T10. An Attempt to Determine the Degree of Vitrification 
in Rapidly Cooled Aqueous Solutions.* B. Luyet, St. Louis 
University.—When an aqueous solution, such as a 1-M sucrose 
solution, is cooled at the rate of several hundred degrees per 
second—by immersion of thin layers (0.01 cm thick) in liquid 
nitrogen—it ‘“‘vitrifies’” i.e., it solidifies in the amorphous 
state. If one decreases the concentration of the solute, vitri- 
fication becomes increasingly difficult, since the velocity of 
crystallization increases. An attempt was made to record the 
degree of incipient crystallization in the following manner: 
1. The junction of a thermocouple was inserted in the thin 
layer of solution to be immersed in liquid nitrogen; 2. The 
output of the thermocouple was amplified with a d.c. amplifier 
of a gain of 16,000; 3. The amplified signal was transmitted to 
a cathode-ray oscillograph and recorded photographically. The 
freezing curves thus obtained (with about 0.5 mg of solution 
couled to —195° in 0.3 sec.) show a clear-cut crystallization 
plateau at low sucrose concentrations and in pure water; this 
plateau is less and less marked as the sucrose concentration is 
increased and it disappears when the concentration reaches 
about 50 percent. 


* Work supported by Research Corporation. 


SATURDAY AFTERNOON AT 2:00 
Mandel Hall 
(E. P. Ney presiding) 


Cosmic-Ray Showers; Scintillation Counters; Cloud Chambers 


U1. Altitude Dependence of Penetrating Showers. HAROLD 
K. Ticuo, University of California, Los Angeles.—A detector 
of penetrating showers was constructed, which consists of a 
1,71-ton lead block with counter trays placed at various levels. 


The electronic apparatus records penetrating showers and dis- 
plays counters tripped in the lower trays by means of a hodo- 
scope. To reach the lowest tray a shower particle must pene- 
trate 630 g/cm? of lead. This equipment was flown in a B-29* 
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at 30,000 feet and at 37,000 feet and was operated at White 
Mountain (altitude 10,000 feet). At each altitude approxi- 
mately 10,000 counts were obtained. The decrease of shower 
intensity with atmospheric depth is exponential with \=120 
g/cm? in agreement with Tinlot.t The hodoscope data made it 
possible to classify the showers as to their size, but no sig- 
nificant change from A=120 g/cm? was observed for large 
showers. Extrapolation to the top of the atmosphere with 
= 120 g/cm? yields 0.011 primaries (cm? sterad. sec.)~! capa- 
ble of producing recordable penetrating showers, in fair agree- 
ment with rocket results.? It appears therefore that the cross 
section for penetrating shower production in air remains one- 
half of the geometric cross section up to energies ~30 Bev. 

* The flight time was made available by the ONR.and the Air Forces, 


1J. Tinlot, Phys. Rev. 74, 1197 (1948). 
2J. A. Van Allen and S. F. Singer, 78, 819 (1950). 


U2. Study of Showers Produced in Lead, Carbon, and 
Beryllium. G. pEL CAsTILLO* AND W. Y. CHANG, Purdue 
University.—The cloud chamber and control unit, previously 
used for studying absorption of u-mesons by thin foils,' have 
been set to study showers containing penetrating particles 
produced in Pb, c, and Be. In both series of the following ex- 
periments, ten one-inch c-plates have been above the chamber. 
In the first series two one-inch c-plates and three }-inch Pb- 
plates were alternately placed inside the chamber. Two trays 
of counters, each connected for coincidence of two particles, 
were placed vertically underneath the chamber and separated 
by one-inch Pb. Another tray was put on the top of the cham- 
ber to form a fivefold coincidence shower detector. Many of 
the showers so selected are large showers. In the second series, 
two one-inch Be-plates and one }-inch Pb-plate below have 
been inside the chamber. One tray of counters connected for 
two particle coincidence was set immediately below the cham- 
ber and followed after 3.5-inch Pb by a single tray. Two more 
trays on the top of the chamber served with the others as a 
fivefold coincidence unit. More small showers are selected in 
this way. Showers produced in these three elements will be 
compared and discussed. 


* Supported in part by Purdue Research Foundation and Mexican 
Research Commission C.I.C.1.C. 
1W. Y. Chang and J. R. Winckler, Rev. Sci. Inst. 20, 276 (1949). 


U3. Nuclear Interactions in Gold of Secondary Particles 
emitted in Penetrating Showers.* A. J. HARTZLER, Univer- 
sity of Chicago.—A large counter-controlled cloud chamber 
containing 16 gold plates totaling 308 g/cm? in thickness was 
operated at an altitude of 11,500 feet. The mean free path for 
nuclear collisions in gold of the ionizing secondary particles 
was found to be 230+C0 g/cm*. 17 percent of the nuclear events 
observed in making this determination were large angle scatter- 
ings of a penetrating secondary particle with no observable 
disintegration products emerging from the gold plate in which 
the collision occurred. The momenta of secondary particles 
used in this determination ranged between 10° and 10" ev/c 
and less than 11 percent of them were protons. The lowest 
energy penetrating shower which has a high probability of 
tripping the counter coincidence circuit used is estimated to be 
1.510! ev. 88+3 percent of the penetrating showers ob- 
served in the experiment showed the presence of one or more 
electron cascades. The average multiplicity of high energy 
penetrating secondaries emitted in nuclear collisions of an 
average energy of 3X10! ev was found to be 7+1. The corre- 
sponding multiplicity of secondary particles of a group of 
penetrating showers of 6X10!° ev average energy was 11+2. 


* Assisted by the joint program of the ONR and AEC. 


U4. Absorption in Air of Cosmic Radiation Producing Large 
Bursts under Thick Absorbers at 11,500 Ft. Elevation.* 
Tuomas G. Stincucomr, University of Chicago.—Using a Car- 
negie Model C meter together with counters to detect air 


showers, experiments on bursts greater than 200 particles 
under a spherical absorber of 122 g/cm? Pb were carried out 
at Climax, Colorado. Corrections were made for bursts pro- 
duced by energetic u-mesons and by air showers. A barometric 
coefficient for vertical radiation of —1.9 (+0.4 percent) per 
mm Hg was obtained. This is equivalent to an absorption mean 
free path of 74+17 g/cm*. Using an additional iron shield 
which absorbed radiation entering at zenith angle from 0° to 
15°, 22.5°, or 30°, the zenith angle dependence of burst- 
producing radiation was found to be that resulting from a mean 
absorption path of 72+13 g/cm*. This large absorption indi- 
cates that elastic scattering is nearly zero for these energies 
which are estimated to be 6 X 10!° ev or greater, and that these 
bursts originate mostly from primary protons. The flux of 
the burst producing radiation at Climax is extrapolated and 
found to agree with flux estimates for particles of this energy 
at the top of the atmosphere. 


* Assisted by the joint program of the ONR and AEC. 


US. On the Particles Producing High Energy Nuclear 
Interactions in Gold.* MeLvin B. GortLies,t University of 
Chicago.—A large multiplate counter-contrclled cloud cham- 
ber containing 300 g/cm? of gold was used for the study of 
penetrating showers at an altitude of 11,500 ft. Showers above 
a minimum energy of about 15 Bev initiated by both ionizing 
and non-ionizing particles could be observed. At least 83.5 
percent of the shower producing particles (SPP) were found 
to be ionizing. From the distribution of events in the plates of 
the chamber, the mean free path in gold of the SPP was found 
to be 145+3 g/cm*. The observed projected zenith angle dis- 
tribution corresponds to an absorption mean free path in air 
of 70 to 90 g/cm*. The flux of the SPP of (1.7+1)x10-6 
particles cm~ sec.~! sterad.~', when compared with the flux of 
primary protons at the top of the atmosphere, yields an absorp- 
tion mean free path of 77+5 g/cm?. It is very unlikely that 
only a small fraction of the energy of a SPP be lost in the 
chamber. 


* Assisted by the joint program of the ONR and AEC. 
+ Now at the State University of Iowa. 


U6. Particle Localization by Means of a Scintillation De- 
tector.* Luke C. L. Yuan anp H. L. Poss, Brookhaven 
National Laboratory.—A long tube with flat ends containing 
scintillation liquid! is placed between two photo-multipliers. 
Neglecting reflection from the side walls, the intensity of light 
received at a photo-multiplier from a scintillation is propor- 
tional to the solid angle subtended by the photo-cathode at the 
scintillation point. The ratio of two coincident pulses will then 
determine the location of the scintillation along the tube inde- 
pendent of light intensity (particle energy). The pulse ratio 
was obtained by feeding one pulse to the vertical deflection 
plates and the other to the horizontal ones of an oscilloscope 
and measuring the inclination angle of the trace. The trace 
amplitude is related to the particle energy dissipated in the 
liquid. Preliminary results on the localization effect were ob- 
tained using cosmic rays. The coincidence pulse from a Geiger- 
counter telescope perpendicular to the scintillation detector 
was used to unblank the oscilloscope. Uncertainty resulting 
from statistical variations of the photo-multipliers were meas- 
ured by means of a light source placed at various distances 
between the photo-multipliers to simulate scintillations. Pos- 
sible applications of the localizer to angular correlation and 
cosmic-ray measurements will be discussed. 


* Work done under the auspices of the A 
1H. Kallman and M. Furst, Phys. Rev. ~~ 857 (1950). 


U7. Scintillation Counter for High Energy Particles.* 
Francis X. ROSER AND THEODORE BOWEN (Introduced by 
MARCEL SCHEIN), University of Chicago.—The purpose of this 
experiment is to investigate the response of an anthracene 
crystal to high energy mesons falling into four energy ranges, 
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going from 13 to 24, 24 to 52, 52 to 147, and greater than 147 
Mev. A fourfold Geiger-Miiller counter coincidence circuit 
initiates the sweep of an oscilloscope. The pulses from two 
scintillation counters are delayed and appear at the sweep 
together with delayed pulses from Geiger-Miiller trays, which 
determine the range of the mesons in lead absorbers. An effi- 
ciency of better than 95 percent has been found. Measure- 
ments of the proportionality are under way and will be 
discussed. 


* Assisted by the joint program of the ONR and AEC. 


U8. Scintillation Counter Efficiencies at Short Resolving 
Times.* M. R. CLELAND, C. E. WHITTLE, A. L. HUGHES, AND 
P. S. JAstRAM, Washington University.—When scintillation 
counters employing organic crystals or solutions and photo- 
multiplier tubes are used in conjunction with fast coincidence 
circuits for high resolution delayed-coincidence studies of 
beta- and gamma-rays, it is found that as the resolving time 
is reduced in the neighborhood of 10-® second a point is 
reached at which the coincidence counting efficiency diminishes 
rapidly. This point determines the maximum resolution at 
which the system is useful. A study of several counter systems 
reveais that this effect depends upon both the scintillation 
material and the type of photo-tube used. Typical values for 
minimum resolving times (loss of 1/e of the coincidences) are 
as follows: 


Phosphor Photo-tube 7-minimum 
Anthracene crystal RCA 5819 20 X10-9 sec. 
Terphenyl xylene solution RCA 5819 9 X10-° sec. 
Terpheny! xylene solution RCA IP28 3 X10-9 sec. 


Annihilation gamma-quanta from Na” positrons are used to 
produce simultaneous excitation of the two counters. The 
photo-multiplier output pulses are amplified and equalized in 
height, and are limited in width by reflection in a length of 
shorted coaxial cable. A conventional crystal-diode coincidence 
circuit is used. The band width of the circuit is 200 megocycles. 


* Assisted by the joint program of the ONR and AEC. 


U9. Scintillation Decay Times.* ARNE LunpBy, University 
of Chicago.—A delayed coincidence circuit has been used for 
determining the decay times of some scintillation crystals and 
in a search for delayed nuclear transitions in the region 
10-!— 10-7 sec. The coincidence circuit consisted of two 1P21 
photo-multipliers, the output pulses from which were fed into 
100-ohm coaxial cables terminated at the input of distributed 
amplifiers. The output from the amplifiers was applied to a 
germanium diode bridge coincidence circuit. The average life- 
times of 1,4-diphenyl-butadiene and p-terphenyl were found 
to be 4X10~* sec. The rate of decay did not change when 2.5 g 
(resp. 5.2 g) of p-terphenyl was dissolved in one liter of phenyl- 
‘cyclohexane (resp. xylene). Further decay times measured 
were: t-stilbene, 5.7 sec., anthracene, 24 10~® sec., and 
napthalene, 60X10~* sec. The operation of the coincidence 
circuit was checked by measuring the time of flight of light 
over a distance of about one meter, and by determining the 
decay time of ThC’. When light piping was employed, the 
resolving power was reduced due to multiple scattering of the 
photons in the light pipe. 


* Supported by the joint program of the ONR and AEC. 


U10. Observations on Diffusion Cloud Chambers.* E. C. 
Fow er, D. H. MILter, R. P. SHutt, AND A. M. THORNDIKE, 
Brookhaven National Laboratory.—Recent studies of the opera- 
tion of continuously sensitive diffusion cloud chambers! seem 
to establish their usefulness for demonstrations as well as a 
research tool. The arrangement and operation of such cham- 
bers will be discussed. Experiments with different temperature 
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gradients across a diffusion chamber will be described. With a 
filling of air and methanol and a temperature gradient of 7°C 
per cm, cosmic-ray tracks near minimum ionization are 
straight, sharp, and of good contrast. Photographs of cosmic 
rays and gamma-ray-induced tracks will be shown. No electric 
sweeping field is necessary when cosmic rays are observed, 
but radiations five to ten times as strong will make the cham- 
ber temporarily insensitive to track production. Here an elec- 
tric sweeping field greatly speeds up resensitization. The effects 
of different gases and vapors used in diffusion chambers have 
been investigated. The most important result is that with 
gases of low atomic number, such as helium and hydrogen, a 
diffusion chamber will not behave stably at or near atmos- 
pheric pressure, but at higher pressures good results can be 
obtained. 

*Work performed at Brookhaven National Laboratory under the 


auspices of the AEC 
1A, Langsdorf, Rev. Sci. Inst. 10, 91 (1939). 


Ul11. A Continuously Sensitive Cloud Chamber. T. S. 
NEEDELS* AND C. E. NIELSEN, Ohio State University.—A cloud 
chamber is described which has a thin horizontal layer con- 
tinuously sensitive to ion tracks. Supersaturation is main- 
tained in this layer by the principle of vapor diffusion from a 
hot to a cold surface.! This sensitive region is close to the cold 
surface. The chamber as we have used it is a two-liter glass 
beaker that sits on dry ice, and which is covered at the top 
with cardboard wet with alcohol. The alcohol is at room tem- 
perature and provides the vapor. Either ethanol or propanol 
works well. The gas is atmospheric air. A vertical electric field 
is applied across the sensitive region. This field adds more 
ionizing events to the sensitive region. When vapor diffusion 
starts there is about a 15-minute wait during which the air is 
made dust-free by continuous condensation. Electron and 
proton tracks in a magnetic field have been photographed 
from above through a glass-covered hole in the cardboard. The 
light source is an H-6 Hg arc lamp behind a glass lens both 
placed at the level of the sensitive region. 


* Now at Los Alamos, New Mex 
1A. Langsdorf, Rev. Sci. Inst. 10, 91 (1939). 


U12. Condensation Efficiency of Ions in the Wilson Cloud 
Chamber. Cart E. NIELSEN AND THEODORE S. NEEDELS, 
Ohio State University—We have determined visually the 
minimum expansion necessary for condensation upon ions 
(“ion limit’) in a Wilson cloud chamber using the following 
alcohols mixed in various proportions with water: ethanol, 
n- and iso-propanol, 1- and 2-butanol, and 1- and 2-pentanol. 
We have measured photographically condensation efficiency, 
defined as the fraction of ions of one sign made observable as 
drops in an expansion, using various mixtures with water of 
ethanol and n- and iso-propanol. The measurement depends 
upon the count of drops photographed in clusters of positive 
and negative ions separated by an electric field. It was con- 
cluded some years ago: ‘‘With mixtures not too far from 70 
percent ethyl alcohol, all positive ions serve as condensation 
nuclei when negative ions begin to be effective. If a field is 
used to separate positive and negative ions, the presence of a 
negative track is evidence that all positive ions are represented 
by drops in the positive track.’’ The same is true of water 
mixtures with m- or iso-propanol, with the qualification that 
the negative drops must be at least one-fourth as numerous 
as the positive drops. 


U13. Upward Diffusion Cloud Chamber. O. H. WEDDLE 
AND C. E. NIELSEN, Ohio State University.—It is possible to 
construct two kinds of stable diffusion cloud chambers. The 
vapor may be diffused downward through a sufficiently dense 
gas from a hot source on top to a cold plate on the bottom, or 
the vapor may be diffused upward through a lighter gas from 
a hot source on the bottom to a cold plate on top. A chamber of 
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the latter type has been operated; tracks of ionizing particles 
have been seen and photographed. The chamber consists of a 
heated glass botiom and cooled metal top with a glass cylinder 
clamped between. A region sensitive to ions occurs near the 
top plate. Pictures were taken through the glass bottom. 
Propyl alcoho! vapor and other vapors have been diffused 
through helium or hydrogen. A mixture of water and propyl 
alcohol diffused through helium has given the best results. 
Diffusion cloud chambers must be operated with ionization 
intensity appropriate to the vapor supply. 


U14. Depth of Sensitive Region in Diffusion Cloud Cham- 
bers. W. E. NEXSEN, JR., O. H. WEDDLE, AND C. E. NIELSEN, 
Ohio State University.—In the first continuously sensitive 
cloud chambers studied at this laboratory tracks could be 
observed in only a very thin region close to the cold surface. 
In order to increase the usefulness of the chamber we have 
studied factors influencing depth of sensitive region. We have 
investigated the use of multivapor systems, the use of various 
geometries and the use of different temperature gradients. 
One chamber used consisted of a crystallizing dish inverted in 
a pie plate containing a pool of -propanol. A watch glass 
containing a small pool of propanol was suspended within the 
chamber and close to the top. The apparatus was placed on a 
block of dry ice and the top heated gently by a lamp. A rela- 
tively deep region was obtained in the upward diffusion cham- 


ber when a water-alcohol mixture was employed in such a way 
that the vapor composition was a function of the height. This 
resulted in a variation of the ion limit with height. When the 
variation was such that a more favorable vapor mixture oc- 
curred lower in the chamber, the sensitive region was con- 
siderably deepened. 


U15. Wave-Guide Linear Accelerator with Continuous 
Dielectric Loading. Gar. T. FLESHER AND GEORGE I, COHN, 
Illinois Institute of Technology.—With the advent of the high 
power klystron, the linear accelerator becomes an increasingly 
important research tool; thus investigation of new types is in 
order to further increase its efficiency. This paper examines 
the continuous dielectric loaded type to determine its prac- 
ticability for these uses. By the solution of Maxwell's equations 
in the guide, the accelerating field is found in terms of the 
physical dimensions, the dielectric and metal characteristics, 
and the power input. For equal power inputs the accelerating 
field attainable is found to be comparable to those for the 
disk-loaded type. A certain characteristic length is found 
which determines whether operation should be traveling wave 
or standing wave. Over a certain range, an increase of dielec- 
tric constant allows a higher loss tangent to be tolerated. 
Practical problems such as heat dissipation are considered. 
Most of the work has been done for the two coaxial region 
guide, but other promising configurations will be discussed. 
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Vl. Distribution of Scattered Neutrons from Various Elements. ALEXANDER LANGSDORFF, JR., 


Argonne National Laboratory. (30 min.) 


Neutrons 


V2. Fast Neutron Cross Sections and the n-n Interaction. 
RoBERT JAstTROW, University of California, Berkeley.—Nuclear 
cross sections for fast neutrons! have been examined for pos- 
sible information on the n-n interaction. These cross sections 
level off to constant values above 150 Mev, in place of the 
continued decrease with increasing energy which would be 
expected from a finite nucleon-nucleon interaction, providing 
evidence for a short-range singularity in this interaction. 
Indirect evidence for the equality of the n-n and p-p inter- 
actions can be obtained from calculations of these high energy 
plateaus, based on Serber’s model of the transparent nucleus.’ 
The results are in agreement with experiment for both light 
and heavy elements provided one assumes @nn=@pp. The 
energy dependence of the neutron-nucleus cross section at 
intermediate energies agrees reasonably with that calculated 
from a nucleon-nucleon interaction containing a repulsive core 
of radius 1.0X10-" cm, but is in qualitative disagreement 
with calculations based upon the representation of the nucleus 
by a finite potential well. This work was performed under the 
auspices of the AEC. 

35, University of California, Radiation Laboratory Report 


UCRL-73 
2 Tecan. Serber, and Taylor, Phys. Rev. 75, 1352 (1949). 


V3. Total Cross Sections of Be, B, O, and F for Fast 
Neutrons.* C. K. BocKELMAN, University of Wisconsin.— 


Previous studies of the cross sections of Be and O as a function 
of neutron energy! have been extended to higher energies. The 
cross sections were calculated from transmission measure- 
ments. Neutrons were obtained from the Li(p, m) reaction; the 
effect of the low energy neutron group is believed to have been 
negligible. In the range from 0.2 to 1.4 Mev, two resonances 
were found for Be. Three levels in O were observed below 1.4 
Mev in good agreement with the results of the Minnesota 
group;? the values of the cross section at the maxima indicate 
that a compound state with a total angular momentum of §h 
is formed in each case. Similar experiments revealed one level 
in B for neutron energies below 1 Mev, while evidence for at 
least seven resonances was found for F in the energy interval 
from 0.01 to 0.7 Mev. The assignment of reduced widths to 
the levels observed is possible in some cases. 

* Work supported by the AEC and the Wisconsin Alumni Research 
Foundation. 


1 Adair, Barschall, Bockelman, and Sala, Phys. Rev. 75, 1124 (1949). 
? Freier, Fulk, Lampi, and Williams, Phys. Rev. 78, 508 (1 1950). 


V4. The Coherent Scattering Cross Section and Nuclear 
Resonances of Tellurium. C. J. HErnpL, I. W. RUDERMAN, 
Columbia University; AND R. J. WeEtss, Brookhaven National 
Laboratory.—Recent small angle neutron scattering measure- 
ments! show that the coherent scattering cross section of 
tellurium is much smaller than the free scattering cross section. 
This can be explained by assuming that one of the tellurium 
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isotopes has a strong resonance and a negative scattering 
length. Transmission measurements on normal isotopic tel- 
lurium with the Columbia neutron velocity spectrometer con- 
firm the presence of a strong resonance at 2.2 ev, and a number 
of smaller resonances at higher neutron energies. Further 
transmission data on an enriched sample of tellurium contain- 
ing 76.5 percent of Te! are being obtained to determine if the 
resonance at 2.2 ev is to be attributed to this isotope. The 
incoherent, and from it the coherent,? cross sections of tel- 
lurium are being determined by a scattering experiment with 
the neutron spectrometer. This experiment utilizes an annular 
bank of BF; counters placed at an angle of 18° with respect to 
the neutron beam. Only incoherently scattered neutrons are 
counted when the incident neutron energy is greater than 
2.5A. Thus, the incoherent cross section may be determined 
as a function of neutron energy. 


2p. ry and I. W Ruderman, Phys. Rev. 77, 378 (1950). 


VS. Single Crystal Neutron Monochromators.* S. PAsTER- 
NACK, A. W. McREyno.ps, R. J. WEIss, AND L. Cor-iss, 
Brookhaven National Laboratory.—The effectiveness of a single 
crystal neutron monochromator depends both on the peak 
reflectivity at the Bragg angle and on the ratio of the rocking 
curve width to the angular spread permitted by the collimating 
system (provided that the former is the smaller angle). In 
connection with designing such a monochromator for a neutron 
diffraction apparatus at Brookhaven, some exploratory de- 
terminations of these factors were made on several single crys- 


tals, using the Oak Ridge neutron diffraction apparatus. The 


following results were obtained: 


Peak reflectivity ofa Rockin: 
thick crystal width he 


For the Brookhaven instrument, whose collimator has a 
spread of 15 to 20 minutes, it appears that a lead crystal should 
yield about five times more intensity than rock salt. Trans- 
mission measurements were also made through some of these 
crystals at and near the Bragg peaks. The relationship of the 
results to the dynamical theory of x-ray scattering as modified 
for neutrons by Bacon, Lowde, and Thewlis, and to the theory 
of inelastic scattering, will be discussed. 


* Research carried out under contract with AEC. 


V6. Small Angle Scattering of Thermal Neutrons (Experi- 
mental).* A. W. MCREYNOLDs AND R. J. WEIss, Brookhaven 
National Laboratory.—Broadening of a neutron beam by small 
angle scattering in transmission through finely divided ma- 
terials was studied as a function of neutron wave-length and 
number, size, and index of refraction of particles. Dependence 
on these parameters confirmed the above theoretical consider- 
ations, for p large and small. A well-collimated beam was re- 
flected from a mirror adjusted to the critical angle of 3A neu- 
trons and allowed to traverse the powder samples. The beam 
contour was plotted with a slit mounted on a comparator 
before a BF; proportional counter. By immersing the sample 
in a liquid of known index of refraction the phase of slow 
neutron scattering and the coherent cross section could be 
determined. The phases of P, Si, Cr, Se, Ru, Mo, Pd, Cb, Bi, 
and Te were found to be positive. The coherent cross sections 
of Cr and Si indicated little isotopic or spin incoherence. Small 
angle scattering from carbon blacks yielded results agreeing 
with x-ray scattering and showed the scattered central maxi- 
mum superimposed on the undeviated beam. Quantitative 
agreement with the total cross section for small angle scatter- 


ing per particle was obtained and substantiated the R* de- 
pendence. The small angle scattering by ferromagnets dis- 
covered by Hughes was corroborated. 


* Research carried out under contract with AEC. 


V7. Small Angle Scattering of Thermal Neutrons (Theo- 
retical).* R. J. Wetss AND S. PASTERNACK, Brookhaven 
National Laboratory.—The differential and total cross sections 
for small angle scattering of thermal neutrons by spheres have 
been calculated. Asymptotically the results are identical with 
those obtained from geometrical optics (refraction) or from 
the Born approximation (diffraction), depending on whether 
the difference, p, between the neutron phase change in travers- 
ing the particle diameter and the phase change in traversing 
the same distance in vacuum is large or small, respectively. 
For large values of p the angular dependence of the differential 
cross section is a function only of 4, the difference from unity 
of the index of refraction; and the total cross section is 27R?. 
For small p the central diffraction maximum has a half-width 
proportional to \/R; the total cross section being wR?p?/2. 
When the sphere is part of a conglomerate, coherence effects 
must be considered for p small, but for p large the scatterings 
can be considered independent. In the latter case the multiple 
refraction theory of Von Nardroff is approximately valid. The 
above considerations may be applied to shapes other than 
spheres, and to ferromagnetic domains. 


* Work performed under contract with AEC. 


V8. Inelastic Scattering of Thermal Neutrons.* Davin A. 
KLEINMAN, Brookhaven National Laboratory.—The one-phonon 
cross sections, often principally responsible for the inelastic 
scattering, were calculated for a number of materials as a 
function of the incident neutron energy EZ for several crystal 
temperatures 7. To shorten the calculations the integrals, 
equivalent to those given by Weinstock, were evaluated 
graphically on specially ruled paper. This method is still 
laborious owing to the large number of integrals, so the method 
of integrating over reciprocal lattice points was developed 
following a suggestion by Pomeranchuk and Akhieser. This 


leads to the formula 


where r=(m/M)(E/@)¢(T/0) is essentially the Debye- 
Waller temperature exponent. Tables have been prepared of 
F(E/0, T/@) and G(E/6, T/@) as well as ¢(7/6) and f(r) per- 
mitting rapid calculation of the one-phonon cross section. The 
validity of the reciprocal lattice integration requires sufficient 
incident energy to involve a large number of crystal planes in 
the scattering process, but fortunately the tables agree quite 
well with the more laborious calculation even at the lowest 
energies. 


o= 


* Research carried out at the Brookhaven National Laboratory under 
the auspices of the AEC. 


V9. On the Coherent Scattering of Slow Neutrons by 
Fluids in the Critical Region. Louris GoLpstEIn, Los Alamos 
Scientific Laboratory.—The theory of coherent scattering of 
x-rays in fluids may be used to describe their coherent scatter- 
ing of slow neutrons. The formalism is based on the explicit 
use of the fluid correlation function which expresses the local 
concentration or density inhomogeneity around a given atom 
or molecule. In the limit of long wave radiation, e.g., visible 
light and of small angle slow neutron or x-ray scattering the 
fluid structure factor becomes independent of the details of 
the scattering process and the correlation. It then depends only 
on the density fluctuations of the fluid resulting from statis- 
tical thermodynamics. It is thus expected that as the tem- 
perature increases toward the critical temperature the scatter- 
ing pattern of the slow neutrons should change considerably. 


Crystal Reflecting plane 
NaCl 200 0.10 & 
Ni 111 0.16 60 
Pb 111 0.22 20 
Fe 100 0.18 8 
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The slow neutron critical opalescence should manifest itself window in the other. Aluminum foil placed against the inner 
through an increasingly large small-angle scattering. For a wall serves to improve the light-gathering efficiency; mineral 
simpler interpretation of the scattering process monatomic oil between the quartz window and the surface of the photo- 
liquids might prove preferable. In view of the unsettled status multiplier tube reduces reflections by maintaining a nearly 
of both theoretical and experimental aspects of the critical constant index of refraction in the light path. The cylinder is 
opalescence of visible radiation, it is suggested that the investi- about 6 cm in length and 4 cm in diameter. The neutrons are 
gation of the slow neutron scattering by fluids in the critical+ obtained from a 3-millicurie polonium-beryllium source. The 
region could yield information which might prove helpful for maximum energy of these neutrons is 11 Mev. A pulse-height 
a better understanding of critical phenomena. distribution calculated from published Po-Be neutron energy 

distributions, and neutron-proton cross sections, is in rough 

V10. Neutron Energy Measurements With Non-Colli- agreement with the measured distribution. 

mated Neutrons Using Li'’-Loaded Photographic Plates.* 
J. H. Roperts, E. Nakaji, AND W. SOLANO, Northwestern 
University.—Work on neutron energy measurements with Li®- 
loaded plates has been previously reported.! The feasibility of 
measurements with this same tool for non-collimated neutrons 
is under investigation. The method used is to rotate the plates 


* Assisted by the joint program of the ONR and AEC., 


V12. The Coherent Neutron Scattering Cross Sections of 
Iron and Its Isotopes. W. C. KoEHLER, C. G. SHULL, AND 
E. O. WoLLAN, Oak Ridge National Laboratory.—The coherent 
in a beam of neutrons produced by Li’(p, m)Be? using protons "¢utron scattering cross sections of Fe, Fe™, Fe®*, and Fe 
from an electrostatic generator. The plate rotation mocks up a _ have been determined from neutron diffraction measurements. 
condition of isotropic incidence. Exposures have been made to Since there are ferromagnetic scattering effects with iron, the 
neutrons of 200, 400, 600, and 1000 kev. Stationary plates are contribution of the magnetic scattering to the observed in- 
exposed simultaneously to give a comparison of resolution for _ tensities must be subtracted to obtain the nuclear scattering 
collimated and non-collimated neutrons. At 200 kev the resolu- cross sections which are reported here. In the case of normal 
tion for the two cases appears to be the same (histograms of Fe, and Fe®*, diffraction peaks were observed at sufficiently 
100-kev width at half-maximum). At 400 kev the resolution —_|arge values of sin@/d so that the magnetic contributions to the 
obtained with isotropic neutrons appears to be slightly worse _jntensities were small. For the other two samples, where only 
than with collimated neutrons for which the histogram width _, few reflections were observed, the data were fitted to the form 
at half-maximum is about 150 kev. At 600 and 1000 kev the factor curve of Wick and Steinberger! and extrapolated to 
resolution for collimated neutrons remains about the same as large angles. The effective nuclear scattering amplitudes ob- 
at 400 kev, but for isotropic neutrons appears somewhat worse. 
Observer bias will partly explain this fact. 100u-thick C2 emul- ‘ined in this way were corrected for isotopic content with the 
sions are used for this work. Exposures were made by J. results shown in Table I. Although the principal measurements 
Morris Blair at the Argonne National Laboratory. were made with the reduced metal samples, additional meas- 

. urements on isotopically enriched samples of F e203 were 

ak work is supported by AEC Contract ‘No. AT(11-1)-66. necessary to establish the relative phases of scattering. 


R. Keepin, Jr., and J. H. Roberts, Phys. Rev. 76, 154 (1949), and 
ng Sci. Inst. 21, 163 (1950). 


TABLE I. 


V11. A Counter for Fast Neutrons.* P. S. Jasrram, A. H. 


BENADE, M. R. CLELAND, AND A. L. HuGHEs, Washington | 
University.—A scintillation counter has been constructed that 

has an average efficiency of the order of 50 percent for neu- Pht of 

trons in the range 1 to 10 Mev. The scintillation material is a Fes? +0.23 0.64 
solution of terphenyl, in a concentration of 2 grams per liter, Fe +0.956 11.5 
dissolved in xylene. The container comprises a brass cylinder 

with a quartz window soldered in one end and a thin dural 1 J. Steinberger and G. C. Wick, Phys. Rev. 76, 994 (1949), 
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High-Polymer Physics 


W1. Mechanical Properties of Substances of High Molecu- steady state value of Y preceding cessation of flow. By assum- 
lar Weight. IX. Non-Newtonian Flow and Stress Relaxation ing a logarithmic distribution function ® of elastic mecha- 
in Concentrated Polyisobutylene and Polystyrene Solutions. nisms which are relaxed by hyperbolic sine flow mechanisms, it 
F. W. Scuremp, JoHN D. FERRY, AND WARREN W. Evans, can be shown that logt) /2.303kyt 2 tanh™ { (y/ki)/ 
University of Wisconsin.—A coaxial cylinder apparatus serves (1+[1+(y/h:)*]*}, where ¢ is the elapsed time. Values of 
to measure the apparent viscosity of a concentrated polymer obtained from this equation are independent of the rate of 
solution at various shearing stresses and to follow the relaxa- shear. The reduced distribution function, ,=®7)/Tc, plotted 
tion of stress after sudden cessation of flow. The dependence against the logarithm of the reduced relaxation time, 1, 
of rate of strain (7) on shearing stress (X) can be represented =7cT'/Tm, where T is the absolute temperature, To =298°K, 
by the equation y =k; sinhk:Z. The constant ks is almost inde- _c is the concentration in g/cc, and 7 the viscosity at zero stress, 
pendent of temperature, and decreases with increasing con- is independent of temperature and concentration over the 
centration. The course of the stress relaxation depends on the ranges studied for each of three polymer samples. 
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W2. Mechanical Properties of Substances of High Molec- 
ular Weight. X. The Relaxation Distribution Function in 
Polyisobutylene and Its Solutions. JoHn D. Ferry, Epwin 
R. FitzGERALD, MyRLE F. JOHNSON, AND LESTER D. GRAN- 
DINE, JR., University of Wisconsin.—Previous twin transducer 
measurements of the dynamic rigidity and viscosity of a poly- 
isobutylene sample of viscosity-average molecular weight 1.2 
million have been extended over a wider temperature range, 
and previous wave propagation data on solutions of this poly- 
mer in xylene have been extended by transducer measurements 
at lower concentrations. Values of the relaxation distribution 
function are derived from all these data, and compared with 
values obtained from (a) the stress relaxation measurements 
on solutions described in the preceding abstract, (b) stress 
relaxation data on solid poly-isobutylene of Andrews and 
Toboslky, and (c) dynamic measurements on butyl rubber by 
Nolle and by Guth. When reduced to a common reference 
state at 25°C by the assumption that all relaxation processes 
depend identically on temperature and concentration, the 
results of the six types of measurement are consistent in order 
of magnitude and provide a picture of the distribution function 
over twelve cycles of logarithmic time. It appears to have a 
plateau from 0.1 to 10‘ sec. with a sharp rise at shorter times 
and a sharp drop at longer times. 


W3. Precipitation of Polymers from Solution: The Role of 
Molecular Weights in the Kinetic Process. D. R. Morey, 
Eastman Kodak Company.—The kinetics of nucleation, and 
of further growth of a nucleus, are examined theoretically for 
the case of polymer chains in dilute solution. The chains are 
assumed to have a moderate degree of kinking only, such as is 
expected with cellulose esters. The analysis is carried out 
primarily to examine the role which molecular weights play 
in the “average ' which is effective in determining the precipi- 
tation point. This average, termed the gamma-average, is not 
the average of the chain lengths in the precipitate phase, but 
it represents the ‘selection mechanism” which, operating over 
the chains in the solution phase, determines which shall 
precipitate. The gamma-average has the form 


=N; 


and hence weights heavily the longer chains. Numerical 
cases are worked out showing substantial agreement with 
experiment. 


W4. Sedimentation Equilibrium in Concentrated High- 
Polymer Solutions. M. WaALEs, University of Wisconsin.—It 
has been found that sedimentation equilibrium may be ob- 
tained rapidly in polymer solutions of concentration as high 
as 20 percent by weight, using a Svedberg equilibrium ultra- 
centrifuge. The conditions are such that the ratio of con- 
centrations at the ends of the sedimenting column is small 
(1.05—1.1). Equilibrium is usually approached more rapidly 
in concentrated solutions under these conditions than in solu- 
tions of medium dilution (ca. 0.5 percent). The osmotic pres- 
sures of concentrated solutions can be calculated from sedi- 


SESSION W 


mentation equilibria, although there is a systematic error if 

the higher virial coefficients are functions of molecular weight 

distribution. The calculated osmotic pressures are independent 
of centrifuge speed. For a polystyrene fraction in butanone, 
the second virial coefficient agreed very well with that obtained 
by Schick et al.t while the third coefficient was considerably 

«higher. Measurements were also performed with the system 
polyvinyl acetate-butanone. 


' Schick et al., J. Am. Chem, Soc. 72, 530 (1950). 


WS. Electrical Properties of Some Carbon Black-Oil Sus- 
pension.* M. J. Forster Anp D. J. MEAp, University of 
Notre Dame.—The d.c. conductivity and a.c. (1000 c.p.s.) 
properties of suspensions of R-40 carbon black in transformer, 
silicone and linseed oils, and suspensions of Shawinigan black 
in linseed oil, were studied as functions of time, carbon black 
concentration, and rotational speed of test cell. The d.c. con- 
ductivity was also studied as a function of voltage. Immedi- 
ately after agitating the suspension, both a.c. and d.c. conduc- 
tivities increase rapidly with time, then level off and approach 
a saturation value. For the d.c. conductivity this value in- 
creases with increasing voltage in all suspensions studied 
except the highest concentrations (10 percent by weight), 
which obey Ohm's law. The rate of approach to saturation is 
independent of voltage, but depends on carbon black concen- 
tration. Increasing the concentration increases the conduc- 
tivity. Increasing the speed of rotation decreases the conduc- 
tivity. Form factors for the carbon black particles are calcu- 
lated from the dynamic values of the dielectric constant by 
Voet’s method. Agglomeration factors are then determined. 
At low speeds the agglomeration factor decreases rapidly with 
increasing speed. At higher speeds it approaches unity asym- 
ptotically. The theoretical interpretation of the results will be 
discussed. 


* Supported in part by the ONR. 


Wo. Quantum-Mechanical Resonance between a Pair of 
Oscillator Sets which are out of Tune. H. JEHLE, University 
of Nebraska.—Consider an oscillator set 11, 2I (molecule I) 
which is coupled with another set 1II, 2II (molecule II) by 
means of a weak dipole dipole interaction u. Suppose all oscil- 
lators have equal frequency «x for vanishing interactions p, \, 
and study the influence of strong coupling \ in between the 
oscillators of each set, + 
+ gar? + + gor?) + A(qirgar + + + qurgeit 
+q219111 +9219211). We get an attraction between the molecules 
I and II, strongly dependent on X, the more so if the molecules 
incorporate many identical oscillators each, instead of the two 
in the present example. In that case the excited levels are 
lowered towards the ground level which results in an enormous 
increase in the partition function and attraction. Though a 
detuning 5 of the type «i =x+5, Kill will not 
change the attraction (just as in the case of but a single 
oscillator per molecule), all other types of detuning make the 
strong attraction practically disappear, e.g., the type kur. =«+4, 
Ka =x, Kur=K—6, as well as 
Kir kor =x and xy =K+64, ko =K—5, =K, =K. 
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SP1. Cloud Chamber Operation down to —40°C. Cart E. 
NIELSEN AND THEODORE S. NEEDELS, Ohio State University. 
(To be given at the end of Session U if the Chairman rules that 
time permits.)—We have refrigerated a Wilson cloud chamber 
of the rubber diaphragm type in order to investigate its be- 
havior when it is cold. Observations made include the follow- 
ing: In the vapor of a 3:1 ethanol-water mixture tracks of good 
quality were obtained at all temperatures down to —25°C. 
A slightly greater useful expansion range was found at the 
lower temperatures, but the minimum expansion required to 
catch ions changed little. In pure water vapor only liquid drops 
appeared providing that the temperature during expansion 
was not lower than —40°C. When temperatures below —40°C 
occurred, small ice crystals were formed. Our observations 
support Fournier d’Albe’s' conclusion that the ice is a result 
of freezing of liquid droplets, not of direct crystallization from 
ihe vapor. 

1E, M. Fournier d’Albe, Quart. j. Roy. Meteor. Soc, 75, 1 (1949). 


SP2. Measurements of the Stress ir Nickel Films with a 
New Oscillation Magnetometer. J. Ross MACDONALD, Oxford 
University. (To be given at the end of Session J if the Chairman 
rules that time permits.)—Using a new oscillation magnetom- 
eter,! isotropic planar stress has been measured in thin nickel 
films evaporated on mica and still attached thereto. Mag- 
netometer measurements were carried out on films which ferro- 
magnetic resonance experiments indicated had virtually no 
cross-sectional stress dependence and on the same film disks 
used in the resonance measurements. Under these conditions, 
magnetometer measurements yield, independent of knowledge 
of the volume of magnetic material in a disk, the factor 
(Ny —N2)Io=(49Io+3AT0/Io), which also occurs in the reso- 
nance condition. For all films, 7> was found to be positive, 
indicating tension, and ranged from zero to 1.210" dynes/ 
cm’, the breaking stress of nickel. It was largest in unannealed 
films near 0.3 micron thick and smallest in annealed films of 
more than 1.5 microns thickness. Independent determination 
of the quantity (N,—N,)Io allowed accurate ferromagnetic 
resonance g-values to be computed and showed that the 
g-value of rickel films is independent of film thickness and 
stress and is 2.20+0.02, the same value as that found for bulk 
nickel sheets. 


1J. H. E. Griffiths and J. R. Macdonald, J. Sci. Inst. (to be published). 


SP3. Fast Neutron Resonances in Boron and Fluorine. 
HARVEY B. WILLARD,* WILLIAM M. PRESTON, AND CLARK 
GoopMAN, Massachusetts Institute of Technology. (To be given 


at the end of Session V if the Chairman rules that time per- 
mits.)—The response of a small, enriched BF; counter to fast 
neutrons (0.1 to 7.1 Mev) was measured with a resolution of 
25 kev using the Li’(p, 2) Be’ reaction in conjunction with the 
Rockefeller electrostatic accelerator. Three resonances, ap- 
pearing at 1.26, 1.66, and 2.04 Mev, were ascribed to charged 
particle reactions in B’ or F'*. Since such resonances imply 
the resonances for the formation of a compound nucleus, the 
total cross sections of B!°, B", and F!® were measured with the 
same resolution for neutrons of 0.5 to 2.1 Mev. B" exhibits 
no resonances, B™ shows a strong resonance at 1.28 Mev, 
while F!® has resonances at 0.95, 1.24, 1.66, and 2.04 Mev. It is 
consistent with the observed data to assume that the reso- 
nances in the response of the BF; counter are due to F¥. On 
the basis of available mass tables the most probable reaction 
is F!9(m, a)N'* (Q=+3 Mev). The resonance in B" at 1.28 
Mev and the resonance in F!* at 0.95 Mev are probably caused 
by resonance scattering. This work was supported in part by 
the ONR and BuShips. 


* Gulf Oil Corporation Fellow. 


SP4. Activities and Fission Yields in Chains of Masses 129 
to 134.* ALexis C. Pappast AND CHARLES D. CorRYELL, 
Massachusetts Institute of Technology. (To be given at the end 
of Session E if the Chairman rules that time permits.)—As 
part of a study of the distribution of fission yield along the 
decay chains and perturbations in fission yields connected 
with nuclear shell-stabilizations,'»* fission chains involving 
antimony,’ tellurium, and iodine are being systematically 
studied radiochemically for characterization of half-lives, 
genetic relations, and fission yields (both independent and 
cumulative). Data are given below, with new values for half- 
life in bold-face and new values of the cumulative fission yields 
in percent in parentheses: 32-day Te! (0.23); 30-hr. Te™™ 
(0.45); 25-min. Te! (2.5); 8.0-day (3.0); 77.7-hr. 
(4.5); 66-min. Te™® (4.5); 22.4-hr. I%3 (5.2), independent yield 
(0.5); 44m Te™ (6.9); 52.5-min. I" (7.8). The fission yields 
have a precision of about eight percent of the values recorded. 
The cumulative yields at iodine of chains 131, 132, 133, and 
134 are in fair agreement with the values for xenon of Thode 
et 

* Assisted by the joint program of the ONR and AEC. 

t Fellow of the Royal Norwegian Council for Scientific and Industrial 
Research from the University of Oslo. 

1a Glendenin, Coryelli, and Edwards, Paper 52, Vol. 9, Div. IV, Nat. 
o> Ng Series, McGraw-Hill, 1950; > Phys. 4 75, 357 (1949); ©77, 755 


2 A. C. Pappas, Abstract (E4). 
3 Macnamara, Collins, and Thode, Phys. Rev. 78, 129 (1950). 
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